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Current copies of the following documents are hereby made part of these contract documents
by reference. These documents are available on the DFCM web site at http://dfcm.utah.gov or are
available upon request from DFCM.

DFCM General Conditions dated May 25, 2005.
DFCM Application and Certification for Payment dated May 25, 2005.

Technical Specifications:
Drawings:

The Agreement and General Conditions dated May 25, 2005
have been updated from versions that were formally adopted
and in use prior to this date. The changes made to the General

Conditions are identified in a document entitled Revisions to
General Conditions that is available on DFCM’s web site a
://dfcm.utah.qov
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INVITATION TO BID

Only firms that have been invited to submit bids on this project are allowed to bid on this project.

Sealed bids will be received by the Division of Facilities Construction and Management (DFCM) for:
PUMP STATION AND IRRIGATION SYSTEM UPGRADES

UTAH VALLEY STATE COLLEGE, OREM, UTAH

DFCM PROJECT NO: 0719979-P3

Company Contact Fax
Capital Electric Mr. Jim Thomas 801-908-6667
2500 South Decker Lake Blvd Phone: 801-908-6660
Salt Lake City, Utah 84119 Mr
Hidden Peak Electric Co. Inc. Mr. Dave Gerber 801-262-5689
4586 Cherry Street Phone: 801-262-5513
Murray, Utah 84123
Legacy Electric, Mr. Don Rawlings 801-575-1117
2294 East 3025 North Phone: 801-575-1116
Layton UT 84040
MD Electric Mr. Mark Davis 801-768-0914
4135 N New Ln Phone 801-360-3975
Oakley, UT 84055
Positive Power, LLC Mr. George Langlois 801-731-8908
4658 West 1150 South Phone: 801-732-0680
Ogden, Utah 84404
Taylor Electric and Engineering Mr. Ryan J. Taylor 801-413-1301
1018 Beardsley Place Phone: 801-413-1300

Salt Lake City, Utah 84119

Bids will be in accordance with the Contract Documents that will be available at the mandatory meeting, on the
DFCM web page at http://dfcm.utah.gov. For questions regarding this project, please contact S’ean Crawford,
DFCM, at 801-419-4936. No others are to be contacted regarding this bidding process. The construction
budget for this project is $ 95,000.00.

A mandatory pre-bid meeting will be held at the UVSC irrigation pumphouse (reference the attached map) on
Thursday, April 3, 2008 at 10:00 am. All bidders wishing to bid on this project are required to attend this
meeting.

Bids will be received until the hour of 3:00 PM on April 15, 2008 at DFCM, 4110 State Office Building, Salt
Lake City, Utah 84114. Bids will be opened and read aloud in the DFCM Conference Room, 4110 State Office
Building, Salt Lake City, Utah. NOTE: Bids must be received at 4110 State Office Building by the specified
time.

A bid bond in the amount of five percent (5%) of the bid amount, made payable to the Division of Facilities
Construction and Management on DFCM’s bid bond form, shall accompany the bid.

The Division of Facilities Construction and Management reserves the right to reject any or all bids or to waive
any formality or technicality in any bid in the interest of DFCM.

DIVISION OF FACILITIES CONSTRUCTION AND MANAGEMENT
Joanna Reese, Contract Coordinator
4110 State Office Building, Salt Lake City, Utah 84114
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PROJECT DESCRIPTION

Utah Valley State College and the Division of Facilities Construction and Management are
soliciting for construction services to complete improvements on the irrigation pump vault.

This is the third and final phase of an irrigation/vault upgrade. The work includes an electrical

service upgrade, new distribution panel, new hvac system, upgrade the service lift and misc.
electrical improvements, as defined in the contract documents.
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STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES

Division of Facilities Construction and Management

DFCM

PROJECT SCHEDULE

PROJECT NAME: Pump Station and Irrigation System Electrical and Mechanical Upgrades
Utah Valley State College — Orem, Utah

DFCM PROJECT NO. 07199790 — Phase 3

Event Day Date Time Place

Bidding Documents Wednesday April 2, 2008 2:00PM | DFCM

Available 4110 State Office Bldg
SLC, UT and the DFCM
web site *

Mandatory Pre-bid Thursday April 3, 2008 10:00 AM | UVSC Irrigation

Site Meeting Pumphouse — Reference the
attached map.

Last Day to Submit Wednesday April 9, 2008 2:00 PM | S’ean Crawford

Questions Project Manager - DFCM
E-mail:
scrawford@utah.gov
Fax 801-538-3267

Addendum Deadline Friday April 11, 2008 2:00 PM | DFCM web site *

(exception for bid

delays)

Prime Contractors Wednesday | April 15, 2008 3:00PM | DFCM

Turn In Bid and Bid 4110 State Office Bldg

Bond SLC, UT

Sub-contractor List Thursday April 16, 2008 3:00 PM | DFCM

Due 4110 State Office Bldg
SLC, UT
Fax 801-538-3677

Substantial Completion Monday May 30, 2008 5:00 PM

Date

*  NOTE: DFCM’s web site address is http://dfcm.utah.gov
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STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES

DFCM

Division of Facilities Construction and Management

BID FORM

NAME OF BIDDER DATE

To the Division of Facilities Construction and Management
4110 State Office Building
Salt Lake City, Utah 84114

The undersigned, responsive to the "Notice to Contractors” and in accordance with the "Instructions to Bidders”,
in compliance with your invitation for bids for the Pump Station and Irrigation System Electrical and
Mechanical Upgrades — Utah Valley State College — Orem, Utah DFCM Project No. 07199790-P3 and
having examined the Contract Documents and the site of the proposed Work and being familiar with all of the
conditions surrounding the construction of the proposed Project, including the availability of labor, hereby
proposes to furnish all labor, materials and supplies as required for the Work in accordance with the Contract
Documents as specified and within the time set forth and at the price stated below. This price is to cover all
expenses incurred in performing the Work required under the Contract Documents of which this bid is a part:

I/We acknowledge receipt of the following Addenda:

For all work shown on the Drawings and described in the Specifications and Contract Documents, I/we agree to
perform for the sum of:

DOLLARS ($ )

(In case of discrepancy, written amount shall govern)

I/We guarantee that the Work will be Substantially Complete by May 30, 2008, should 1/we be the successful
bidder, and agree to pay liquidated damages in the amount of $ 500.00 per day for each day after expiration of
the Contract Time as stated in Article 3 of the Contractor’s Agreement.

This bid shall be good for 45 days after bid opening.

Enclosed is a 5% bid bond, as required, in the sum of

The undersigned Contractor's License Number for Utah is

Upon receipt of notice of award of this bid, the undersigned agrees to execute the contract within ten (10) days,
unless a shorter time is specified in the Contract Documents, and deliver acceptable Performance and Payment
bonds in the prescribed form in the amount of 100% of the Contract Sum for faithful performance of the
contract.
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BID FORM
PAGE NO. 2

The Bid Bond attached, in the amount not less than five percent (5%) of the above bid sum, shall become the
property of the Division of Facilities Construction and Management as liquidated damages for delay and
additional expense caused thereby in the event that the contract is not executed and/or acceptable 100%
Performance and Payment bonds are not delivered within the time set forth.

Type of Organization:

(Corporation, Partnership, Individual, etc.)

Any request and information related to Utah Preference Laws:

Respectfully submitted,

Name of Bidder

ADDRESS:

Authorized Signature
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INSTRUCTIONS TO BIDDERS

1. Drawings and Specifications, Other Contract Documents

Drawings and Specifications, as well as other available Contract Documents, may be obtained as stated
in the Invitation to Bid.

2. Bids

Before submitting a bid, each contractor shall carefully examine the Contract Documents, shall visit
the site of the Work; shall fully inform themselves as to all existing conditions and limitations; and
shall include in the bid the cost of all items required by the Contract Documents. If the bidder
observes that portions of the Contract Documents are at variance with applicable laws, building codes,
rules, regulations or contain obvious erroneous or uncoordinated information, the bidder shall
promptly notify the DFCM Representative and the necessary changes shall be accomplished by
Addendum.

The bid, bearing original signatures, must be typed or handwritten in ink on the Bid Form provided in
the procurement documents and submitted in a sealed envelope at the location specified by the
Invitation to Bid prior to the deadline for submission of bids.

Bid bond security, in the amount of five percent (5%) of the bid, made payable to the Division of
Facilities Construction and Management, shall accompany bid. THE BID BOND MUST BE ON THE
BID BOND FORM PROVIDED IN THE PROCUREMENT DOCUMENTS IN ORDER TO BE
CONSIDERED AN ACCEPTABLE BID.

If the bid bond security is submitted on a bid bond form other than DFCM’s required bid bond form,
and the bid security meets all other legal requirements, the bidder will be allowed to provide an
acceptable bid bond by the close of business on the next business day following notification by DFCM
of submission of a defective bid bond security. NOTE: A cashier’s check cannot be used as a
substitute for a bid bond.

3. Contract and Bond

The Contractor's Agreement will be in the form found in the specifications. The Contract Time will be
as indicated in the bid. The successful bidder, simultaneously with the execution of the Contract
Agreement, will be required to furnish a performance bond and a payment bond, both bearing original
signatures, upon the forms provided in the procurement documents. The performance and payment
bonds shall be for an amount equal to one hundred percent (100%) of the contract sum and secured
from a company that meets the requirements specified in the requisite forms. Any bonding
requirements for subcontractors will be specified in the Supplementary General Conditions.
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INSTRUCTIONS TO BIDDERS
PAGE NO. 2

4, Listing of Subcontractors

Listing of Subcontractors shall be as summarized in the “Instructions and Subcontractor’s List Form”,
which are included as part of these Contract Documents. The Subcontractors List shall be delivered to
DFCM or faxed to DFCM at (801)538-3677 within 24 hours of the bid opening. Requirements for
listing additional subcontractors will be listed in the Contract Documents.

DFCM retains the right to audit or take other steps necessary to confirm compliance with requirements
for the listing and changing of subcontractors. Any contractor who is found to not be in compliance
with these requirements is subject to a debarment hearing and may be debarred from consideration for
award of contracts for a period of up to three years.

5. Interpretation of Drawings and Specifications

If any person or entity contemplating submitting a bid is in doubt as to the meaning of any part of the
drawings, specifications or other Contract Documents, such person shall submit to the DFCM Project
Manager a request for an interpretation thereof. The person or entity submitting the request will be
responsible for its prompt delivery. Any interpretation of the proposed documents will be made only
by addenda posted on DFCM’s web site at http://dfcm.utah.gov. Neither the DFCM nor A/E will be
responsible for any other explanations or interpretations of the proposed documents. A/E shall be
deemed to refer to the architect or engineer hired by DFCM as the A/E or Consultant for the Project.

6. Addenda

Addenda will be posted on DFCM’s web site at http://dfcm.utah.gov. Contractors are responsible for
obtaining information contained in each addendum from the web site. Addenda issued prior to the
submittal deadline shall become part of the bidding process and must be acknowledged on the bid
form. Failure to acknowledge addenda may result in disqualification from bidding.

7. Award of Contract

The Contract will be awarded as soon as possible to the lowest, responsive and responsible bidder,
based on the lowest combination of base bid and acceptable prioritized alternates, provided the bid is
reasonable, is in the interests of the State of Utah to accept and after applying the Utah Preference
Laws in U.C.A. Title 63, Chapter 56. DFCM reserves the right to waive any technicalities or
formalities in any bid or in the bidding. Alternates will be accepted on a prioritized basis with
Alternate 1 being highest priority, Alternate 2 having second priority, etc.
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INSTRUCTIONS TO BIDDERS
PAGE NO. 3

8. DFCM Contractor Performance Rating

As a contractor completes each DFCM project, DFCM, the architect/engineer and the using agency
will evaluate project performance based on the enclosed “DFCM Contractor Performance Rating”
form. The ratings issued on this project will not affect this project but may affect the award on future
projects.

9. Licensure

The Contractor shall comply with and require all of its subcontractors to comply with the license laws
as required by the State of Utah.

10. Permits

In concurrence with the requirements for permitting in the General Conditions, it is the responsibility
of the Contractor to obtain the fugitive dust plan requirements from the Utah Division of Air Quality
and the SWPPP requirements from the Utah Department of Environmental Quality and submit the
completed forms and pay any permit fee that may be required for this specific project. Failure to
obtain the required permit may result in work stoppage and/or fines from the regulating authority that
will be the sole responsibility of the Contractor. Any delay to the project as a result of any such failure
to obtain the permit or noncompliance with the permit shall not be eligible for any extension in the
Contract Time.

11. Right to Reject Bids

DFCM reserves the right to reject any or all Bids.

12. Time is of the Essence

Time is of the essence in regard to all the requirements of the Contract Documents.

13. Withdrawal of Bids

Bids may be withdrawn on written request received from bidder prior to the time fixed for opening.
Negligence on the part of the bidder in preparing the bid confers no right for the withdrawal of the bid
after it has been opened.

14. Product Approvals

Where reference is made to one or more proprietary products in the Contract Documents, but
restrictive descriptive materials of one or more manufacturer(s) is referred to in the Contract
Documents, the products of other manufacturers will be accepted, provided they equal or exceed the
standards set forth in the drawings and specifications and are compatible with the intent and purpose of
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INSTRUCTIONS TO BIDDERS
PAGE NO. 4

the design, subject to the written approval of the A/E. Such written approval must occur prior to the
deadline established for the last scheduled addenda to be issued. The A/E’s written approval will be in
an issued addendum. If the descriptive material is not restrictive, the products of other manufacturers
specified will be accepted without prior approval provided they are compatible with the intent and
purpose of the design as determined by the A/E.

15. Financial Responsibility of Contractors, Subcontractors and Sub-subcontractors

Contractors shall respond promptly to any inquiry in writing by DFCM to any concern of financial
responsibility of the contractor, subcontractor or sub-subcontractor.

16. Debarment

By submitting a bid, the Contractor certifies that neither it nor its principals, including project and site
managers, have been, or are under consideration for, debarment or suspension, or any action that
would exclude such from participation in a construction contract by any governmental department or
agency. If the Contractor cannot certify this statement, attach to the bid a detailed written explanation
which must be reviewed and approved by DFCM as part of the requirements for award of the Project.
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BID BOND
(Title 63, Chapter 56, U. C. A. 1953, as Amended)

KNOW ALL PERSONS BY THESE PRESENTS:

That hereinafter referred to as
the "Principal," and , a corporation organized and existing
under the laws of the State of , with its principal office in the City of and authorized to transact

business in this State and U. S. Department of the Treasury Listed, (Circular 570, Companies Holding Certificates of Authority as Acceptable
Securities on Federal Bonds and as Acceptable Reinsuring Companies); hereinafter referred to as the "Surety," are held and firmly bound unto
the STATE OF UTAH, hereinafter referred to as the "Obligee," in the amount of $ (5% of the
accompanying bid), being the sum of this Bond to which payment the Principal and Surety bind themselves, their heirs, executors,
administrators, successors and assigns, jointly and severally, firmly by these presents.

THE CONDITION OF THIS OBLIGATION IS SUCH that whereas the Principal has submitted to Obligee the accompanying
bid incorporated by reference herein, dated as shown, to enter into a contract in writing for the

Project.

NOW, THEREFORE, THE CONDITION OF THE ABOVE OBLIGATION IS SUCH, that if the said principal does not
execute a contract and give bond to be approved by the Obligee for the faithful performance thereof within ten (10) days after being notified
in writing of such contract to the principal, then the sum of the amount stated above will be forfeited to the State of Utah as liquidated
damages and not as a penalty; if the said principal shall execute a contract and give bond to be approved by the Obligee for the faithful
performance thereof within ten (10) days after being notified in writing of such contract to the Principal, then this obligation shall be null and
void. Itis expressly understood and agreed that the liability of the Surety for any and all defaults of the Principal hereunder shall be the full
penal sum of this Bond. The Surety, for value received, hereby stipulates and agrees that obligations of the Surety under this Bond shall be
for a term of sixty (60) days from actual date of the bid opening.

PROVIDED, HOWEVER, that this Bond is executed pursuant to provisions of Title 63, Chapter 56, Utah Code Annotated, 1953,
as amended, and all liabilities on this Bond shall be determined in accordance with said provisions to same extent as if it were copied at
length herein.

IN WITNESS WHEREOF, the above bounden parties have executed this instrument under their several seals on the date indicated
below, the name and corporate seal of each corporate party being hereto affixed and these presents duly signed by its undersigned
representative, pursuant to authority of its governing body.

DATED this day of , 20
Principal’'s name and address (if other than a corporation): Principal’'s name and address (if a corporation):
By: By:
Title: Title:
(Affix Corporate Seal)
Surety's name and address:
STATE OF )
) ss. By:
COUNTY OF ) Attorney-in-Fact (Affix Corporate Seal)
On this day of , 20 , personally appeared before me

whose identity is personally known to me or proved to me on the basis of satisfactory evidence, and who, being by me duly sworn, did say
that he/she is the Attorney-in-fact of the above-named Surety Company, and that he/she is duly authorized to execute the same and has
complied in all respects with the laws of Utah in reference to becoming sole surety upon bonds, undertakings and obligations, and that he/she
acknowledged to me that as Attorney-in-fact executed the same.

Subscribed and sworn to before me this day of , 20
My Commission Expires:
Resides at:

NOTARY PUBLIC

Agency:

Agent:

Address: Approved As To Form: May 25, 2005
Phone: By Alan S. Bachman, Asst Attorney General
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STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES

DFCM
Division of Facilities Construction and

INSTRUCTIONS AND SUBCONTRACTORS LIST FORM

The three low bidders, as well as all other bidders that desire to be considered, are required by law to submit to

DFCM within 24 hours of bid opening a list of ALL first-tier subcontractors, including the subcontractor’s
name, bid amount and other information required by Building Board Rule and as stated in these Contract
Documents, based on the following:

DOLLAR AMOUNTS FOR LISTING

PROJECTS UNDER $500,000: ALL FIRST-TIER SUBS $20,000 OR OVER MUST BE LISTED
PROJECTS $500,000 OR MORE:  ALL FIRST-TIER SUBS $35,000 OR OVER MUST BE LISTED

Any additional subcontractors identified in the bid documents shall also be listed.

The DFCM Director may not consider any bid submitted by a bidder if the bidder fails to submit a
subcontractor list meeting the requirements of State law.

List subcontractors for base bid as well as the impact on the list that the selection of any alternate may have.
Bidder may not list more than one subcontractor to perform the same work.

If there are no subcontractors for the job that are required to be reported by State law (either because there
are no subcontractors that will be used on the project or because there are no first-tier subcontractors over the
dollar amounts referred to above), then you do not need to submit a sublist. If you do not submit a sublist, it
will be deemed to be a representation by you that there are no subcontractors on the job that are required to

be reported under State law. At any time, DFCM reserves the right to inquire, for security purposes, as to
the identification of the subcontractors at any tier that will be on the worksite.

LICENSURE:

The subcontractor’s name, the type of work, the subcontractor’s bid amount, and the subcontractor's license
number as issued by DOPL, if such license is required under Utah Law, shall be listed. Bidder shall certify that
all subcontractors, required to be licensed, are licensed as required by State law. A subcontractor includes a
trade contractor or specialty contractor and does not include suppliers who provide only materials, equipment, or
supplies to a contractor or subcontractor.

‘SPECIAL EXCEPTION’:

A bidder may list ‘Special Exception’ in place of a subcontractor when the bidder intends to obtain a
subcontractor to perform the work at a later date because the bidder was unable to obtain a qualified or
reasonable bid under the provisions of U.C.A.Section 63A-5-208(4). The bidder shall insert the term “Special
Exception’ for that category of work, and shall provide documentation with the subcontractor list describing the
bidder’s efforts to obtain a bid of a qualified subcontractor at a reasonable cost and why the bidder was unable
to obtain a qualified subcontractor bid. The Director must find that the bidder complied in good faith with State
law requirements for any ‘Special Exception’ designation, in order for the bid to be considered. If awarded the
contract, the Director shall supervise the bidder’s efforts to obtain a qualified subcontractor bid. The amount of
the awarded contract may not be adjusted to reflect the actual amount of the subcontractor’s bid. Any listing of
‘Special Exception’ on the sublist form shall also include amount allocated for that work.

GROUNDS FOR DISQUALIFICATION:

The Director may not consider any bid submitted by a bidder if the bidder fails to submit a subcontractor list
meeting the requirements of State law. Director may withhold awarding the contract to a particular bidder if one
or more of the proposed subcontractors are considered by the Director to be unqualified to do the Work or for
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INSTRUCTIONS AND SUBCONTRACTORS LIST FORM
Page No. 2

such other reason in the best interest of the State of Utah. Notwithstanding any other provision in these
instructions, if there is a good faith error on the sublist form, at the sole discretion of the Director, the Director
may provide notice to the contractor and the contractor shall have 24 hours to submit the correction to the
Director. If such correction is submitted timely, then the sublist requirements shall be considered met.

CHANGES OF SUBCONTRACTORS SPECIFICALLY IDENTIFIED ON SUBLIST FORM:

Subsequent to twenty-four hours after the bid opening, the contractor may change its listed subcontractors only
after receiving written permission from the Director based on complying with all of the following criteria.

@ The contractor has established in writing that the change is in the best interest of the State and that the
contractor establishes an appropriate reason for the change, which may include, but not is not limited to,
the following reasons: the original subcontractor has failed to perform, or is not qualified or capable of
performing, and/or the subcontractor has requested in writing to be released.

2 The circumstances related to the request for the change do not indicate any bad faith in the original
listing of the subcontractors.

3 Any requirement set forth by the Director to ensure that the process used to select a new subcontractor
does not give rise to bid shopping.

(@) Any increase in the cost of the subject subcontractor work is borne by the contractor.

5) Any decrease in the cost of the subject subcontractor work shall result in a deductive change order being
issued for the contract for such decreased amount.

(6) The Director will give substantial weight to whether the subcontractor has consented in writing to being
removed unless the Contractor establishes that the subcontractor is not qualified for the work.

EXAMPLE:

Example of a list where there are only four subcontractors:

SUBCONTRACTOR,
TYPE OF WORK “SELF” OR “SPECIAL SUBCONTRACTOR CONTRACTOR
EXCEPTION” BID AMOUNT LICENSE #

ELECTRICAL ABCD Electric Inc. $350,000.00 123456789000
LANDSCAPING “Self” * $300,000.00 123456789000
CONCRETE XYZ Concrete Inc $298,000.00 987654321000
(ALTERNATE #1)

_ _ _ (TO BE PROVIDED
MECHANICAL “Special Exception” Fixed at: $350,000.00 AFTER OBTAINING

(attach documentation) SUBCONTRACTOR)

* Bidders may list “self”, but it is not required.

PURSUANT TO STATE LAW - SUBCONTRACTOR BID AMOUNTS CONTAINED IN THIS

SUBCONTRACTOR LIST SHALL NOT BE DISCLOSED UNTIL THE CONTRACT HAS BEEN AWARDED.
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STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES
L] L] L] L] L] L] L] DFCM
Division of Facilities Construction and
SUBCONTRACTORS LIST
FAX TO 801-538-3677
PROJECT TITLE:
Caution: You must read and comply fully with instructions.
SUBCONTRACTOR, SUBCONTRACTOR
TYPE OF WORK “SELF” OR “SPECIAL EXCEPTION” BID AMOUNT CONT. LICENSE #

We certify that:

I. This list includes all subcontractors as required by the instructions, including those related to the base bid as
well as any alternates.

2. We have listed “Self” or “Special Exception” in accordance with the instructions.

3. All subcontractors are appropriately licensed as required by State law.

FIRM:

DATE: SIGNED BY:

NOTICE: FAILURE TO SUBMIT THIS FORM, PROPERLY COMPLETED AND SIGNED, AS REQUIRED IN THESE
CONTRACT DOCUMENTS, SHALL BE GROUNDS FOR OWNER’S REFUSAL TO ENTER INTO A WRITTEN
CONTRACT WITH BIDDER. ACTION MAY BE TAKEN AGAINST BIDDERS BID BOND AS DEEMED
APPROPRIATE BY OWNER. ATTACH A SECOND PAGE IF NECESSARY.

4110 State Office Building, Salt Lake City, Utah 84114 - telephone 801-538-3018 — facsimile 801-538-3677 — http://dfcm.utah.gov
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3000/300/ IFVA/ / /

Project No.
CONTRACTOR'S AGREEMENT
FOR:
THIS CONTRACTOR'S AGREEMENT, made and entered into this day of , 20, by
and between the DIVISION OF FACILITIES CONSTRUCTION AND MANAGEMENT, hereinafter
referred to as "DFCM", and , incorporated in the State of

and authorized to do business in the State of Utah, hereinafter referred to as "Contractor",
whose address is

WITNESSETH: WHEREAS, DFCM intends to have Work performed at

WHEREAS, Contractor agrees to perform the Work for the sum stated herein.

NOW, THEREFORE, DFCM and Contractor for the consideration provided in this Contractor's
Agreement, agree as follows:

ARTICLE 1. SCOPE OF WORK. The Work to be performed shall be in accordance with the
Contract Documents prepared by and entitled

The DFCM General Conditions (“General Conditions”) dated May 25, 2005 on file at the office of
DFCM and available on the DFCM website, are hereby incorporated by reference as part of this
Agreement and are included in the specifications for this Project. All terms used in this Contractor's
Agreement shall be as defined in the Contract Documents, and in particular, the General Conditions.

The Contractor Agrees to furnish labor, materials and equipment to complete the Work as required in the
Contract Documents which are hereby incorporated by reference. It is understood and agreed by the
parties hereto that all Work shall be performed as required in the Contract Documents and shall be
subject to inspection and approval of DFCM or its authorized representative. The relationship of the
Contractor to the DFCM hereunder is that of an independent Contractor.

ARTICLE 2. CONTRACT SUM. The DFCM agrees to pay and the Contractor agrees to accept in
full performance of this Contractor's Agreement, the sum of
DOLLARS AND NO CENTS ($ .00),
which is the base bid, and which sum also includes the cost of a 100% Performance Bond and a 100%
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CONTRACTOR'S AGREEMENT
PAGE NO. 2

Payment Bond as well as all insurance requirements of the Contractor. Said bonds have already been
posted by the Contractor pursuant to State law. The required proof of insurance certificates have been
delivered to DFCM in accordance with the General Conditions before the execution of this Contractor's
Agreement.

ARTICLE 3. TIME OF COMPLETION AND DELAY REMEDY. The Work shall be
Substantially Complete by . Contractor agrees to pay liquidated damages in the amount of
$ per day for each day after expiration of the Contract Time until the Contractor achieves
Substantial Completion in accordance with the Contract Documents, if Contractor's delay makes the
damages applicable. The provision for liquidated damages is: (a) to compensate the DFCM for delay
only; (b) is provided for herein because actual damages can not be readily ascertained at the time of
execution of this Contractor's Agreement; (c) is not a penalty; and (d) shall not prevent the DFCM from
maintaining Claims for other non-delay damages, such as costs to complete or remedy defective Work.

No action shall be maintained by the Contractor, including its or Subcontractor or suppliers at any tier,
against the DFCM or State of Utah for damages or other claims due to losses attributable to hindrances
or delays from any cause whatsoever, including acts and omissions of the DFCM or its officers,
employees or agents, except as expressly provided in the General Conditions. The Contractor may
receive a written extension of time, signed by the DFCM, in which to complete the Work under this
Contractor's Agreement in accordance with the General Conditions.

ARTICLE 4. CONTRACT DOCUMENTS. The Contract Documents consist of this Contractor's
Agreement, the Conditions of the Contract (DFCM General Conditions, Supplementary and other
Conditions), the Drawings, Specifications, Addenda and Modifications. The Contract Documents shall
also include the bidding documents, including the Invitation to Bid, Instructions to Bidders/ Proposers
and the Bid/Proposal, to the extent not in conflict therewith and other documents and oral presentations
that are documented as an attachment to the contract.

All such documents are hereby incorporated by reference herein. Any reference in this Contractor's
Agreement to certain provisions of the Contract Documents shall in no way be construed as to lessen the
importance or applicability of any other provisions of the Contract Documents.

ARTICLE 5. PAYMENT. The DFCM agrees to pay the Contractor from time to time as the Work
progresses, but not more than once each month after the date of Notice to Proceed, and only upon
Certificate of the A/E for Work performed during the preceding calendar month, ninety-five percent
(95%) of the value of the labor performed and ninety-five percent (95%) of the value of materials
furnished in place or on the site. The Contractor agrees to furnish to the DFCM invoices for materials
purchased and on the site but not installed, for which the Contractor requests payment and agrees to
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CONTRACTOR'S AGREEMENT
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safeguard and protect such equipment or materials and is responsible for safekeeping thereof and if such
be stolen, lost or destroyed, to replace same.

Such evidence of labor performed and materials furnished as the DFCM may reasonably require shall be
supplied by the Contractor at the time of request for Certificate of Payment on account. Materials for
which payment has been made cannot be removed from the job site without DFCM's written approval.
Five percent (5%) of the earned amount shall be retained from each monthly payment. The retainage,
including any additional retainage imposed and the release of any retainage, shall be in accordance with
UCA 13-8-5 as amended. Contractor shall also comply with the requirements of UCA 13-8-5, including
restrictions of retainage regarding subcontractors and the distribution of interest earned on the retention
proceeds. The DFCM shall not be responsible for enforcing the Contractor’s obligations under State law
in fulfilling the retention law requirements with subcontractors at any tier.

ARTICLE 6. INDEBTEDNESS. Before final payment is made, the Contractor must submit evidence
satisfactory to the DFCM that all payrolls, materials bills, subcontracts at any tier and outstanding
indebtedness in connection with the Work have been properly paid. Final Payment will be made after
receipt of said evidence, final acceptance of the Work by the DFCM as well as compliance with the
applicable provisions of the General Conditions.

Contractor shall respond immediately to any inquiry in writing by DFCM as to any concern of financial
responsibility and DFCM reserves the right to request any waivers, releases or bonds from Contractor in
regard to any rights of Subcontractors (including suppliers) at any tier or any third parties prior to any
payment by DFCM to Contractor.

ARTICLE 7. ADDITIONAL WORK. Itis understood and agreed by the parties hereto that no
money will be paid to the Contractor for additional labor or materials furnished unless a new contract in
writing or a Modification hereof in accordance with the General Conditions and the Contract Documents
for such additional labor or materials has been executed. The DFCM specifically reserves the right to
modify or amend this Contractor's Agreement and the total sum due hereunder either by enlarging or
restricting the scope of the Work.

ARTICLE 8. INSPECTIONS. The Work shall be inspected for acceptance in accordance with the
General Conditions.

ARTICLE 9. DISPUTES. Any dispute, PRE or Claim between the parties shall be subject to the
provisions of Article 7 of the General Conditions. DFCM reserves all rights to pursue its rights and
remedies as provided in the General Conditions.

ARTICLE 10. TERMINATION, SUSPENSION OR ABANDONMENT. This Contractor’s
Agreement may be terminated, suspended or abandoned in accordance with the General Conditions.

DFCM FORM 1b 101007 18



CONTRACTOR'S AGREEMENT
PAGE NO. 4

ARTICLE 11. DFCM'S RIGHT TO WITHHOLD CERTAIN AMOUNT AND MAKE USE
THEREOF. The DFCM may withhold from payment to the Contractor such amount as, in DFCM's
judgment, may be necessary to pay just claims against the Contractor or Subcontractor at any tier for
labor and services rendered and materials furnished in and about the Work. The DFCM may apply such
withheld amounts for the payment of such claims in DFCM's discretion. In so doing, the DFCM shall be
deemed the agent of Contractor and payment so made by the DFCM shall be considered as payment
made under this Contractor's Agreement by the DFCM to the Contractor. DFCM shall not be liable to
the Contractor for any such payment made in good faith. Such withholdings and payments may be made
without prior approval of the Contractor and may be also be prior to any determination as a result of any
dispute, PRE, Claim or litigation.

ARTICLE 12. INDEMNIFICATION. The Contractor shall comply with the indemnification
provisions of the General Conditions.

ARTICLE 13. SUCCESSORS AND ASSIGNMENT OF CONTRACT. The DFCM and
Contractor, respectively bind themselves, their partners, successors, assigns and legal representatives to
the other party to this Agreement, and to partners, successors, assigns and legal representatives of such
other party with respect to all covenants, provisions, rights and responsibilities of this Contractor’s
Agreement. The Contractor shall not assign this Contractor’s Agreement without the prior written
consent of the DFCM, nor shall the Contractor assign any moneys due or to become due as well as any
rights under this Contractor’s Agreement, without prior written consent of the DFCM.

ARTICLE 14. RELATIONSHIP OF THE PARTIES. The Contractor accepts the relationship of
trust and confidence established by this Contractor's Agreement and covenants with the DFCM to
cooperate with the DFCM and A/E and use the Contractor's best skill, efforts and judgment in furthering
the interest of the DFCM,; to furnish efficient business administration and supervision; to make best
efforts to furnish at all times an adequate supply of workers and materials; and to perform the Work in
the best and most expeditious and economic manner consistent with the interests of the DFCM.

ARTICLE 15. AUTHORITY TO EXECUTE AND PERFORM AGREEMENT. Contractor
and DFCM each represent that the execution of this Contractor's Agreement and the performance
thereunder is within their respective duly authorized powers.

ARTICLE 16. ATTORNEY FEES AND COSTS. Except as otherwise provided in the dispute
resolution provisions of the General Conditions, the prevailing party shall be entitled to reasonable
attorney fees and costs incurred in any action in the District Court and/or appellate body to enforce this
Contractor's Agreement or recover damages or any other action as a result of a breach thereof.
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IN WITNESS WHEREOF, the parties hereto have executed this Contractor's Agreement on the day
and year stated hereinabove.

CONTRACTOR:
Signature Date
Title:
State of )
)
County of ) Please type/print name clearly
Onthis ___ day of , 20 , personally appeared before me,
whose |dent|ty is personally known to me (or proved to me on the basis of satisfactory eV|dence) and
who by me duly sworn (or affirmed), did say that he (she) is the (title or office) of

the firm and that said document was signed by him (her) in behalf of said firm.

Notary Public

(SEAL)

My Commission Expires
APPROVED AS TO AVAILABILITY DIVISION OF FACILITIES
OF FUNDS: CONSTRUCTION AND MANAGEMENT
David D. Williams, Jr. Date - Manager Date
DFCM Administrative Services Director Capital Development/Improvements
APPROVED AS TO FORM: APPROVED FOR EXPENDITURE:
ATTORNEY GENERAL
November 30, 2006
By: Alan S. Bachman Division of Finance Date

Asst Attorney General
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PERFORMANCE BOND
(Title 63, Chapter 56, U. C. A. 1953, as Amended)

That hereinafter referred to as the "Principal" and
, a corporation organized and existing under the laws of the State of _
, with its principal office in the City of and authorized to transact business in this State and U. S. Department of the Treasury

Listed (Circular 570, Companies Holding Certificates of Authority as Acceptable Securities on Federal Bonds and as Acceptable Reinsuring Companies);
hereinafter referred to as the "Surety," are held and firmly bound unto the State of Utah, hereinafter referred to as the "Obligee, " in the amount of

DOLLARS ($ ) for the payment whereof, the
said Principal and Surety bind themselves and their heirs, administrators, executors, successors and assigns, jointly and severally, firmly by these presents.

WHEREAS, the Principal has entered into a certain written Contract with the Obligee, dated the day of , 20 ,to

construct
in the County of , State of Utah, Project No. , for the approximate sum of

Dollars ($ ), which

Contract is hereby incorporated by reference herein.
NOW, THEREFORE, the condition of this obligation is such that if the said Principal shall faithfully perform the Contract in accordance with the
Contract Documents including, but not limited to, the Plans, Specifications and conditions thereof, the one year performance warranty, and the terms of the

Contract as said Contract may be subject to Modifications or changes, then this obligation shall be void; otherwise it shall remain in full force and effect.

No right of action shall accrue on this bond to or for the use of any person or corporation other than the state named herein or the heirs, executors,
administrators or successors of the Owner.

The parties agree that the dispute provisions provided in the Contract Documents apply and shall constitute the sole dispute procedures of the parties.

PROVIDED, HOWEVER, that this Bond is executed pursuant to the Provisions of Title 63, Chapter 56, Utah Code Annotated, 1953, as amended,
and all liabilities on this Bond shall be determined in accordance with said provisions to the same extent as if it were copied at length herein.

IN WITNESS WHEREOF, the said Principal and Surety have signed and sealed this instrument this day of , 20
WITNESS OR ATTESTATION: PRINCIPAL:
By:
(Seal)
Title:
WITNESS OR ATTESTATION: SURETY:
By:
Attorney-in-Fact (Seal)
STATE OF )
) ss.
COUNTY OF )
On this day of , 20___, personally appeared before me , whose

identity is personally known to me or proved to me on the basis of satisfactory evidence, and who, being by me duly sworn, did say that he/she is the Attorney
in-fact of the above-named Surety Company and that he/she is duly authorized to execute the same and has complied in all respects with the laws of Utah in
reference to becoming sole surety upon bonds, undertakings and obligations, and that he/she acknowledged to me that as Attorney-in-fact executed the same.

Subscribed and sworn to before me this day of , 20

My commission expires:

Resides at:
NOTARY PUBLIC
Agency:
Agent:
Address: Approved As To Form: May 25, 2005
Phone- By Alan S. Bachman, Asst Attorney General
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PAYMENT BOND
(Title 63, Chapter 56, U. C. A. 1953, as Amended)
KNOW ALL PERSONS BY THESE PRESENTS:

That hereinafter referred to as the “Principal," and
, a corporation organized and existing under the laws of the State of authorized to do business in this State
and U. S. Department of the Treasury Listed (Circular 570, Companies Holding Certificates of Authority as Acceptable Securities on Federal Bonds and as
Acceptable Reinsuring Companies); with its principal office in the City of hereinafter referred to as the "Surety," are held and firmly bound unto
the State of Utah hereinafter referred to as the "Obligee," in the amount of
Dollars ($ ) for the payment whereof, the said Principal and Surety bind themselves and their heirs, administrators, executors, successors
and assigns, jointly and severally, firmly by these presents.

WHEREAS, the Principal has entered into a certain written Contract with the Obligee, dated the day of , 20 ,
to construct
in the County of , State of Utah, Project No. for the approximate sum of
Dollars ($ ), which contract is hereby

incorporated by reference herein.

NOW, THEREFORE, the condition of this obligation is such that if the said Principal shall pay all claimants supplying labor or materials to Principal
or Principal's Subcontractors in compliance with the provisions of Title 63, Chapter 56, of Utah Code Annotated, 1953, as amended, and in the prosecution of the
Work provided for in said Contract, then, this obligation shall be void; otherwise it shall remain in full force and effect.

That said Surety to this Bond, for value received, hereby stipulates and agrees that no changes, extensions of time, alterations or additions to the terms
of the Contract or to the Work to be performed thereunder, or the specifications or drawings accompanying same shall in any way affect its obligation on this Bond,
and does hereby waive notice of any such changes, extensions of time, alterations or additions to the terms of the Contract or to the Work or to the specifications
or drawings and agrees that they shall become part of the Contract Documents.

PROVIDED, HOWEVER, that this Bond is executed pursuant to the provisions of Title 63, Chapter 56, Utah Code Annotated, 1953, as amended, and
all liabilities on this Bond shall be determined in accordance with said provisions to the same extent as if it were copied at length herein.

IN WITNESS WHEREOF, the said Principal and Surety have signed and sealed this instrument this day of , 20
WITNESS OR ATTESTATION: PRINCIPAL:
By:
(Seal)
Title:
WITNESS OR ATTESTATION: SURETY:
By:
STATE OF ) Attorney-in-Fact (Seal)
) ss.
COUNTY OF
On this day of , 20 , personally appeared before me

, Wwhose identity is personally known to me or proved to me on the basis of
satisfactory evidence, and who, being by me duly sworn, did say that he/she is the Attorney-in-fact of the above-named Surety Company, and that he/she is duly
authorized to execute the same and has complied in all respects with the laws of Utah in reference to becoming sole surety upon bonds, undertakings and
obligations, and that he/she acknowledged to me that as Attorney-in-fact executed the same.

Subscribed and sworn to before me this day of , 20

My commission expires:

Resides at:
NOTARY PUBLIC
Agency. Approved As To Form: May 25, 2005
Agent: By Alan S. Bachman, Asst Attorney General
Address:
Phone:
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STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES

DFCM
Division of Facilities Construction and Management

CERTIFICATE OF SUBSTANTIAL COMPLETION

PROJECT PROJECT NO:

AGENCY/INSTITUTION

AREA ACCEPTED

The Work performed under the subject Contract has been reviewed on this date and found to be Substantially Completed as
defined in the General Conditions; including that the construction is sufficiently completed in accordance with the Contract
Documents, as modified by any change orders agreed to by the parties, so that the State of Utah can occupy the Project or specified
area of the Project for the use for which it is intended.

The DFCM - (Owner) accepts the Project or specified area of the Project as Substantially Complete and will assume full
possession of the Project or specified area of the Project at (time) on (date).

The DFCM accepts the Project for occupancy and agrees to assume full responsibility for maintenance and operation, including
utilities and insurance, of the Project subject to the itemized responsibilities and/or exceptions noted below:

The Owner acknowledges receipt of the following closeout and transition materials:
As-built Drawings O & M Manuals Warranty Documents Completion of Training
Requirements

A list of items to be completed or corrected (Punch List) is attached hereto. The failure to include an item on it does not alter the
responsibility of the Contractor to complete all the Work in accordance with the Contract Documents, including authorized
changes thereof. The amount of (Twice the value of the punch list work) shall be retained to assure the
completion of the punch list work.

The Contractor shall complete or correct the Work on the list of (Punch List) items appended hereto within

__calendar days from the above date of issuance of this Certificate. The amount withheld pending completion of the list of
items noted and agreed to shall be: $ . If the list of items is not completed within the time allotted the Owner
has the right to be compensated for the delays and/or complete the work with the help of independent contractor at the expense of
the retained project funds. If the retained project funds are insufficient to cover the delay/completion damages, the Owner shall be
promptly reimbursed for the balance of the funds needed to compensate the Owner.

by:
CONTRACTOR (include name of firm) (Signature) DATE

by:
AJE (include name of firm) (Signature) DATE

by:
USING INSTITUTION OR AGENCY (Signature) DATE

by:
DFCM (Owner) (Signature) DATE
4110 State Office Building, Salt Lake City, Utah 84114 cc: Parties Noted
telephone 801-538-3018 « facsimile 801-538-3267 « http://dfcm.utah.gov DFCM, Director
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General Contractor Performance Rating Form

Project Name:

DFCM Project#

Contractor:

{ABC Construction, Jehn Doe, 111-111-1111)

A/E:

(ABC Architects, lane Dog, 222-222-2222)

Original Contract
Amount:

Final Contract
Amount:

DFCM Project Manager:

Contract Date:

Completion Date:

Rating Guideline

Date of Rating:

1. Rate Contractors quality of workmanship, management of sub contractor performance,
project cleanliness, organization and safety requirement.

Score

~Agency Comments:

A & E Commenis:

DFCM Project Manager Commients:

4119 State Office Building, Salt Lake City, Utah 84114 telephone 801-538-3018 + facsimile 801-538-3267 + www.dfem.utah.gov

de72606



2. Rate Contractor administration of project costs, change orders and financial management of
the project budget.

Score

Agency Comments:

A & E Comments:

DFCM Project Manager Comments:

3. Rate Contractor's performance and adherence to Project Schedule, delay procedures and Score
requirements of substantial completion, inspection and punch-list performance.
Agency Comments:
A & E Comments:
DFCM Project Manager Comments:
Score

4. Evaluate performance of contractor management team including project manager, engineer
and superintendent also include in the rating team's ability to work well with owner, user
agency and consultants.

~Agency Comments:

A & E Comments:

DFCM Project Manager Comments:

4110 State Office Building, Salt Lake City, Utah 84114 telephone 801-538-3018 - facsimile 801-538-3267 « www.dfcm.utah.gov

de072606



5. Rate success of Contractor's management plan, completion of the plans mitigation of Score

project risks and performance of vaiue engineering concepts.

A & E Comments:

DFCM Project Manager Comments:

Signed by: Date: Mean Score

4110 State Office Building, Salt Lake City, Utah 84114 telephone 801-538-3018 + facsimile 801-538-3267 - www.dfem utah.gov def72606
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15010
15050
15075
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DIVISION 15
MECHANICAL

GENERAL REQUIREMENTS

BASIC MECHANICAL MATERIALS & METHODS
MECHANICAL IDENTIFICATION

PACKAGED ROOFTOPS

DIFFUSERS, REGISTERS AND GRILLES
TESTING, ADJUSTING AND BALANCING
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SECTION 15010 - GENERAL REQUIREMENTS

PART 1 - GENERAL

11 GENERAL

A. General Conditions and Division 01 apply to this Division.
1.2 SCOPE
A. Includes -
1. Furnish all labor, materials, and equipment necessary for the completion

2.

of the mechanical and plumbing scope of work.

Furnish and install all motors specified in this Division and be responsible
for the proper operation of electrical powered equipment furnished by this
Division.

Furnish exact location of electrical connections and information on motor
controls to Division 16.

Mechanical Contractor shall obtain the services of independent Test and
Balance Agency.

Placing the air conditioning, heating, ventilating, and exhaust systems into
full operation and continuing their operation during each working day of
testing and balancing.

Making changes in pulleys, belts, and dampers, or adding dampers, as
required for the correct balance as recommended by Balancing
Contractor at no additional cost to Owner.

Air balance, final adjustment and test run.

The satisfactory performance of the completed systems is a requirement
of this specification.

B. Related Work Specified Elsewhere -

1.

2.

Conduit, line voltage wiring, outlets, and disconnect switches specified in
Division 16.

Magnetic starters and thermal protective devices (heaters) not a factory
mounted integral part of packaged equipment are specified in Division 16.

1.3 SITE OBSERVATION

A. The Contractor shall examine the site and understand the conditions which may
affect the performance of work of this Division before submitting proposals for
this work.

B. No subsequent allowance for time or money will be considered for any

consequence related to failure to examine existing site conditions.
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1.4 DRAWINGS

A. Mechanical drawings show general arrangement of piping, ductwork, equipment,
etc; however, locations are to be regarded as shown diagrammatically only.
Follow as closely as actual building construction and work of other trades will
permit.

B. Because of the small scale of mechanical drawings, it is not possible to indicate
all offsets, fittings, and accessories which may be required. Investigate existing
structural and finished conditions affecting this work and arrange work
accordingly, providing such fittings, valves, and accessories required to meet
conditions.

C. If changes in location of piping, equipment, ducts, etc. are required due to lack of
coordination of work under this division, such changes shall be made without
charge. Contractor shall review drawings with local and state agencies having
jurisdiction and any changes required by them shall be brought to the attention of
the Engineer prior to bidding or commencement of work.

15 CODE REQUIREMENTS, FEES, AND PERMITS

A. The work shall be installed in accordance with the following applicable codes,
ordinances and standards unless otherwise specified. The codes and standards
shall include but not be limited to and be of the latest and current editions.

American Boiler and Affiliated Industries (AB and Al)

American Gas Association (AGA)

Air Movement and Control Association (AMCA)

American National Standards Institute (ANSI)

Air Conditioning & Refrigeration Institute (ARI)

American Society of Heating, Refrigeration and Air Conditioning

Engineers (ASHRAE) - ASHRAE 90.1-2004

7. American Society of Mechanical Engineers (ASME)

8. American Society of Testing Materials (ASTM)

9. American Standards Association (ASA)

10. American Water Works Association (AWWA)

11. American Welding Society (AWS)

12. Associated Air Balance Council (AABC)

13. Heat Exchange Institute (HEI)

14. Hydraulic Institute (HI)

15. BR

16. National Electrical Code (NEC)

17. National Fire Protection Association (NFPA)

18. Sheet Metal and Air Conditioning contractors National Association
(SMACNA)

19. Underwriters Laboratories (UL)

20. International Building Code (IBC) 2006 Ed

21. International Mechanical Code (IMC) 2006 Ed

22. International Plumbing Code (IPC) with Utah Amendments 2006 Ed

23. International Energy Conservation Code (IECC) 2006 Ed

oukrwnNE
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24, Utah State Safety Orders (OSHA/UOSH)

25. Utah Fire Rating Bureau

26. Utah Boiler and Pressure Vessel Law

27. Utah Air Conservation Regulations/Waste Disposal regulations.
28. ASHRAE Ventilation STD.62-2004

Should drawings conflict with any code, the code shall govern. If drawings and
specifications establish a quality exceeding the code, the drawings and
specifications shall govern. If conflicts do exist among the drawings,
specifications and codes, the same shall be brought to the attention of the
Engineer in writing prior to bidding, otherwise Contractor shall comply with
applicable codes.

The latest edition of all codes shall be used.

Contractor shall give all notices, obtain all necessary permits, file necessary
plans, prepare documents and obtain approvals, and pay all fees required for
completion of the mechanical and plumbing work outlined in this Division of the
specifications and shown on the Mechanical Drawings.

1.6 OPERATION AND MAINTENANCE MANUAL FOR MECHANICAL SYSTEMS

A.

C.

Upon completion of work and before final payment, Contractor shall furnish and
deliver to the Owner, through the Engineer, installation, operation and
maintenance manuals with instructions for all new materials and equipment used
in the building. The contractor shall provide three (3) hard copies of the manuals,
and three (3) CD’s with electronic copies of the manuals. Electronic information
shall be .PDF format. The CD’s shall include the same information as the hard
copies, and shall be organized in the same manner with electronic bookmarks for
each section. CD case and the CD itself shall be labeled the same as the hard
copies of the manuals.

Bind Operation and Maintenance Manual for Mechanical Systems in a hard-
backed piano hinge loose-leaf binder with strong sturdy cover. The project name
shall be on the spine and the front of the binder. The front of the binder shall
include the following information:

OPERATION
AND
MAINTENANCE
MANUAL
for MECHANICAL SYSTEMS of

(Name of Project)

(Location of Project)
(Date of Project Award)

(Name of Architect)

Introduction
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1. Title page including name of project, project number, date awarded and
date of substantial completion.

2. Second page shall contain the names, phone numbers and addresses of
Architect, Consulting Engineers, Mechanical Contractor, and General
Contractor.
3. Third page shall include a Table of Contents for the entire manual.
D. First Section - Summary information including:
1. First page shall contain the contractor’'s warranties.
2. Second page shall contain a list of names, addresses and phone

numbers of contractors and all sub-contractors and work to which each
was assigned.

3. Final page or pages shall contain an equipment list. The list shall contain
each item of equipment or material for which a submittal was required
giving ID or tag no as contained on the drawings make and model No.
Serial No. ldentification No. Location in building, function along with the
name, address, and phone number of the supplier.

E. Second Section - Mechanical Equipment O&M data including:
1. Mechanical maintenance schedule, including a lubrication list when
necessary.
2. Mechanical Equipment Operation and Maintenance Data including:
a. Equipment descriptions
b. Detailed installation instruction, operating and maintenance

instructions.  Instructions include in a step by step manner
identifying start-up, operating, shutdown and emergency action
sequence sufficiently clear so a person unfamiliar with the
equipment could perform its operations.

C. Equipment drawings, performance curves, operating
characteristics, etc.

d. Name addresses and phone number of manufacturer, fabricator
and local vender clearly printed or stamped on cover.

e. Complete parts listing which include catalog number, serial

number, contract number or other accurate provision for ordering
replacement and spare parts.

f. Certified drawings, where applicable, showing assembly of parts
and general dimensions.

3. Approved Mechanical submittals

F. Third Section - Controls O&M data including:

1. Sequence of Operation

2. Description of each operating system included location of switches,
breakers, thermostats, and control devices. Provide a single line diagram,
showing set points, normal operating parameters for all loads, pressures,
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temperatures and flow check points; Describe all alarms and cautions for
operation.

3. Provide schematic control diagrams, panel diagrams, wiring diagrams,
etc. for each separate fan system, chilled water system, hot water
system, exhaust air system, pumps, etc. Each control diagram shall show
a schematic representation of mechanical equipment and location of
start-stop switches, insertion thermostats, thermometers, pressure
gauges, automatic valves, etc. The correct reading for each control
instrument shall be marked on the diagram.

G. The Fourth Section shall contain a complete air and water test and balance
report. The report shall contain the name, address and phone number of the
agency. It shall also include:

1. Floor plans showing all air openings and thermometer locations clearly
marked and cross referenced with data sheets. Format may be 8 1/2 x
11 or 11x14 if legible.

2. Data sheets showing amount of air and water at each setting. See
sections 15950.
3. List of equipment with date of last calibration.
H. Drawings and reproducible masters of drawings as required in individual

specification sections, are not to be bound in volumes but are to be delivered
separate with the maintenance manuals.

l. See the following checklist for assistance in assembling manual:

Item # Description Y, N, or
NA

1 3 ring heavy duty binder with Project name, number and date on cover and
project name on spine.

2. 0O&M manual on CD (with label on CD matching label on manual). Electronic
copy shall be a PDF file with bookmarks that match the tabs in the hard copy.

3. Title Page [including project nhame, number, address, date awarded, date of
substantial completion]

4. Second Page Contact List [including architect (if applicable), mechanical
engineer, mechanical contractor, and general contractor (if applicable)]

5. Table of Contents

6. Section 1 - Summary

A. Warranty

B. Mechanical’ s Sub-contractor List

C. Vendor List

D. Equipment List

7. Section 2 — M echanical Equipment

A. Maintenance Schedule (including lubrication list)

B. Mechanical Equipment O&M Data (for each piece of equipment submitted) per
specifications

C. Approved mechanical submittals

8. Section 3 - Controls

A. Sequence of Operation
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Controls diagrams

Controls Equipment

Section 4 — Test and Balance Report

Complete Test and Balance Report per specifications

1.7

1.8

OPERATION AND MAINTENANCE INSTRUCTIONS

A.

Contractor shall instruct building maintenance personnel in the operation and
maintenance of the installed mechanical systems utilizing the Operation and
Maintenance Manual when so doing.

Minimum instruction periods shall be as follows -

1. Mechanical - Two hours.
2. Temperature Control - Two hours.

Instruction periods shall occur before final site observation when systems are
properly working and before final payment is made.

None of these instructional periods shall overlap each other.
An additional four hours of instruction will be provided by each contractor, after

60 days of system operation by owner to insure proper system operation and
answer questions.

RECORD DRAWINGS

A.

Contractor shall keep an up-to-date set of mechanical and plumbing drawings in
his custody showing all changes in red, clearly defined and neatly drafted by him.
At the end of construction, he shall turn these drawings over to the Engineer.
Record drawings must be completed and submitted prior to final site observation

PART 2 - PRODUCTS

(Not Used)

PART 3 - EXECUTION

(Not Used)

END OF SECTION 15010
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SECTION 15050 - BASIC MECHANICAL MATERIALS AND METHODS

PART 1 - GENERAL

11

1.2

13

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY
This Section includes the following:

Piping materials and installation instructions common to most piping systems.
Mechanical sleeve seals.

Sleeves.

Equipment installation requirements common to equipment sections.
Supports and anchorages.

arwOE

DEFINITIONS

Finished Spaces: Spaces other than mechanical and electrical equipment rooms,
furred spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces
above ceilings, unexcavated spaces, crawlspaces, and tunnels.

Exposed, Interior Installations: Exposed to view indoors. Examples include finished
occupied spaces and mechanical equipment rooms.

Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor
ambient temperatures and weather conditions. Examples include rooftop locations.

Concealed, Interior Installations: Concealed from view and protected from physical
contact by building occupants. Examples include above ceilings and in duct shafts.

Concealed, Exterior Installations: Concealed from view and protected from weather
conditions and physical contact by building occupants but subject to outdoor ambient
temperatures. Examples include installations within unheated shelters.

The following are industry abbreviations for plastic materials:
1. ABS: Acrylonitrile-butadiene-styrene plastic.

2. CPVC: Chlorinated polyvinyl chloride plastic.
3. PVC: Polyvinyl chloride plastic.
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1.4

15

1.6

1.7

SUBMITTALS
Product Data: For the following:

1. Dielectric fittings.
2. Mechanical sleeve seals.

Welding certificates.

QUALITY ASSURANCE

Steel Pipe Welding: Qualify processes and operators according to ASME Boiler and
Pressure Vessel Code: Section IX, "Welding and Brazing Qualifications."

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."
2. Certify that each welder has passed AWS qualification tests for welding
processes involved and that certification is current.

All materials, piping, etc. shall be new, and domestically made of the best commercial
guality obtainable, consistent with specified materials and for the purpose or function
intended unless specifically approved in writing prior to bid.

DELIVERY, STORAGE, AND HANDLING

Deliver pipes and tubes with factory-applied end caps. Maintain end caps through
shipping, storage, and handling to prevent pipe end damage and to prevent entrance of
dirt, debris, and moisture.

Store plastic pipes protected from direct sunlight. Support to prevent sagging and
bending.

COORDINATION

Arrange for pipe spaces, chases, slots, and openings in building structure during
progress of construction, to allow for mechanical installations.

Coordinate installation of required supporting devices and set sleeves in poured-in-
place concrete and other structural components as they are constructed.

Coordinate requirements for access panels and doors for mechanical items requiring
access that are concealed behind finished surfaces.
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PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where subparagraph titles below introduce lists, the following
requirements apply for product selection:

1. Available Manufacturers: Subject to compliance with requirements,
manufacturers offering products that may be incorporated into the Work include,
but are not limited to, the manufacturers specified.

2. Manufacturers: Subject to compliance with requirements, provide products by
the manufacturers specified.

2.2 PIPE, TUBE, AND FITTINGS

A. Refer to individual Division 15 piping Sections for pipe, tube, and fitting materials and
joining methods.

B. Pipe Threads: ASME B1.20.1 for factory-threaded pipe and pipe fittings.

2.3 JOINING MATERIALS

A. Refer to individual Division 15 piping Sections for special joining materials not listed
below.

B. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping
system contents.

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch maximum thickness
unless thickness or specific material is indicated.

a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze
flanges.
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.

2. AWWA C110, rubber, flat face, 1/8 inch thick, unless otherwise indicated; and
full-face or ring type, unless otherwise indicated.

C. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.

D. Plastic, Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by
piping system manufacturer, unless otherwise indicated.

E. Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux
according to ASTM B 813.
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F. Brazing Filler Metals: AWS A5.8, BCuP Series, copper-phosphorus alloys for general-
duty brazing, unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for
refrigerant piping, unless otherwise indicated.

G. Welding Filler Metals: Comply with AWS D10.12 for welding materials appropriate for
wall thickness and chemical analysis of steel pipe being welded.

H.  Solvent Cements for Joining Plastic Piping:

1. ABS Piping: ASTM D 2235.

2. CPVC Piping: ASTM F 493.

3. PVC Piping: ASTM D 2564. Include primer according to ASTM F 656.

4. PVC to ABS Piping Transition: ASTM D 3138.

2.4 MECHANICAL SLEEVE SEALS

A.  Description: Modular sealing element unit, designed for field assembly, to fill annular
space between pipe and sleeve.

1.  Available Manufacturers:

a. Advance Products & Systems, Inc.
b. Calpico, Inc.

C. Metraflex Co.

d. Pipeline Seal and Insulator, Inc.

e. Linkseal.

f. Prior Approved Equal.

2. Sealing Elements: EPDM interlocking links shaped to fit surface of pipe. Include
type and number required for pipe material and size of pipe.

3. Pressure Plates: Carbon steel. Include two for each sealing element.

4, Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of
length required to secure pressure plates to sealing elements. Include one for
each sealing element.

2.5 SLEEVES

A.  Galvanized-Steel Sheet: 0.0239-inch minimum thickness; round tube closed with
welded longitudinal joint.

B. Steel Pipe: ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.

C. Castlron: Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with
plain ends and integral waterstop, unless otherwise indicated.

D. Molded PVC: Permanent, with nailing flange for attaching to wooden forms.

E. PVC Pipe: ASTM D 1785, Schedule 40.
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PART 3 - EXECUTION

3.1 PIPING SYSTEMS - COMMON REQUIREMENTS

A. Install piping according to the following requirements and Division 15 Sections
specifying piping systems.

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of
piping systems. Drawings do not show every offset, or bend that may be required.
Indicated locations and arrangements were used to size pipe and calculate friction
loss, expansion, pump sizing, and other design considerations. Install piping as
indicated unless deviations to layout are approved on Coordination Drawings.

C. Install piping in concealed locations, unless otherwise indicated and except in
equipment rooms and service areas.

D. Install piping indicated to be exposed and piping in equipment rooms and service areas
at right angles or parallel to building walls. Diagonal runs are prohibited unless
specifically indicated otherwise.

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel
removal.

F. Install piping to permit valve servicing.

G. Install piping at indicated slopes.

H. Install piping free of sags and bends.

Install fittings for changes in direction and branch connections.
J. Install piping to allow application of insulation.

K.  Select system components with pressure rating equal to or greater than system
operating pressure.

L. Install escutcheons for penetrations of walls, ceilings, and floors where indicated on
drawings and where penetrating will be visible to public.

M. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board
partitions, and concrete floor and roof slabs.

1. Cut sleeves to length for mounting flush with both surfaces.

a. Exception: Extend sleeves installed in floors of mechanical equipment
areas or other wet areas 2 inches above finished floor level. Extend cast-
iron sleeve fittings below floor slab as required to secure clamping ring if
ring is specified.

2. Install sleeves in new walls and slabs as new walls and slabs are constructed.
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3.2

3. Install sleeves that are large enough to provide 1/4-inch annular clear space
between sleeve and pipe or pipe insulation. Use the following sleeve materials:

4. Except for underground wall penetrations, seal annular space between sleeve
and pipe or pipe insulation, using joint sealants appropriate for size, depth, and
location of joint.

Aboveground, Exterior-Wall Pipe Penetrations: Seal penetrations using sleeves and
mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space
between pipe and sleeve for installing mechanical sleeve seals.

Underground, Exterior-Wall Pipe Penetrations: Install cast-iron "wall pipes"” for sleeves.
Seal pipe penetrations using mechanical sleeve seals. Select sleeve size to allow for
1-inch annular clear space between pipe and sleeve for installing mechanical sleeve
seals.

1. Mechanical Sleeve Seal Installation: Select type and number of sealing
elements required for pipe material and size. Position pipe in center of sleeve.
Assemble mechanical sleeve seals and install in annular space between pipe
and sleeve. Tighten bolts against pressure plates that cause sealing elements to
expand and make watertight seal.

Fire-Barrier Penetrations: Maintain indicated fire rating of walls, patrtitions, ceilings,
and floors at pipe penetrations. Seal pipe penetrations with firestop materials.

Verify final equipment locations for roughing-in.

Refer to equipment specifications in other Sections of these Specifications for
roughing-in requirements.

PIPING JOINT CONSTRUCTION

Join pipe and fittings according to the following requirements and Division 15 Sections
specifying piping systems.

Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.

Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before
assembly.

Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated,
to tube end. Construct joints according to ASTM B 828 or CDA's "Copper Tube
Handbook," using lead-free solder alloy complying with ASTM B 32.

E. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and
Tube" Chapter, using copper-phosphorus brazing filler metal complying with
AWS A5.8.
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Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1.
Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs
and restore full ID. Join pipe fittings and valves as follows:

1.  Apply appropriate tape or thread compound to external pipe threads unless dry
seal threading is specified.

2. Damaged Threads: Do not use pipe or pipe fittings with threads that are
corroded or damaged. Do not use pipe sections that have cracked or open
welds.

Welded Joints: Construct joints according to AWS D10.12, using qualified processes
and welding operators according to Part 1 "Quality Assurance" Article.

Flanged Joints: Select appropriate gasket material, size, type, and thickness for
service application. Install gasket concentrically positioned. Use suitable lubricants on
bolt threads.

Plastic Piping Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe and
fittings according to the following:

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and
solvent cements.

2. ABS Piping: Join according to ASTM D 2235 and ASTM D 2661 Appendixes.

3. CPVC Piping: Join according to ASTM D 2846/D 2846M Appendix.

4. PVC Pressure Piping: Join schedule number ASTM D 1785, PVC pipe and PVC
socket fittings according to ASTM D 2672. Join other-than-schedule-number
PVC pipe and socket fittings according to ASTM D 2855.

5. PVC Nonpressure Piping: Join according to ASTM D 2855.

6. PVC to ABS Nonpressure Transition Fittings: Join according to ASTM D 3138

Appendix.
J. Plastic Nonpressure Piping Gasketed Joints: Join according to ASTM D 3212.
3.3 PIPING CONNECTIONS
A.  Make connections according to the following, unless otherwise indicated:
1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final
connection to each piece of equipment.
2. Install flanges, in piping NPS 2-1/2 and larger, adjacent to flanged valves and at
final connection to each piece of equipment.
3. Dry Piping Systems: Install dielectric unions and flanges to connect piping
materials of dissimilar metals.
4.  Wet Piping Systems: Install dielectric coupling and nipple fittings to connect
piping materials of dissimilar metals.
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3.4 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

A. Install equipment to allow maximum possible headroom unless specific mounting
heights are not indicated.

B. Install equipment level and plumb, parallel and perpendicular to other building systems
and components in exposed interior spaces, unless otherwise indicated.

C. Install mechanical equipment to facilitate service, maintenance, and repair or
replacement of components. Connect equipment for ease of disconnecting, with
minimum interference to other installations. Extend grease fittings to accessible
locations.

D. Install equipment to allow right of way for piping installed at required slope.

END OF SECTION 15050
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SECTION 15075 - MECHANICAL IDENTIFICATION

PART 1 - GENERAL

11 RELATED DOCUMENTS
A.  Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  This Section includes the following mechanical identification materials and their
installation:
1. Equipment nameplates.
2. Equipment signs.
3.  Access panel and door markers.
4.  Warning tags.
1.3 SUBMITTALS
A. Product Data: For each type of product indicated.
B. Samples: For color, letter style, and graphic representation required for each
identification material and device.
C. Valve numbering scheme.
D. Valve Schedules: For each piping system. Furnish extra copies (in addition to
mounted copies) to include in maintenance manuals.
1.4 QUALITY ASSURANCE
A. ASME Compliance: Comply with ASME A13.1, "Scheme for the Identification of Piping
Systems," for letter size, length of color field, colors, and viewing angles of
identification devices for piping.
15 COORDINATION
A.  Coordinate installation of identifying devices with completion of covering and painting
of surfaces where devices are to be applied.
B. Coordinate installation of identifying devices with location of access panels and doors.
C. Install identifying devices before installing acoustical ceilings and similar concealment.
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PART 2 - PRODUCTS

2.1

EQUIPMENT IDENTIFICATION DEVICES

Equipment Nameplates: Metal, with data engraved or stamped, for permanent
attachment on equipment.

1. Data:

a. Manufacturer, product name, model number, and serial number.
b. Capacity, operating and power characteristics, and essential data.
C. Labels of tested compliances.

2. Location: Accessible and visible.
3. Fasteners: As required to mount on equipment.

Equipment Signs: ASTM D 709, Type I, cellulose, paper-base, phenolic-resin-laminate
engraving stock; Grade ES-2, black surface, black phenolic core, with white melamine
subcore, unless otherwise indicated. Fabricate in sizes required for message. Provide
holes for mechanical fastening.

1. Data: Instructions for operation of equipment and for safety procedures.

2. Engraving: Manufacturer's standard letter style, 1/4” or larger with terms to
match equipment identification.

3. Thickness: 1/8 inch, unless otherwise indicated.

4. Fasteners: Self-tapping, stainless-steel screws or contact-type, permanent
adhesive.

Access Panel and Door Markers: 1/16” thick, engraved laminated plastic, with
abbreviated terms and numbers corresponding to identification. Provide 1/8” center
hole for attachment.

1. Fasteners: Self-tapping, stainless-steel screws or contact-type, permanent
adhesive.

PART 3 - EXECUTION

3.1 APPLICATIONS, GENERAL
A.  Products specified are for applications referenced in other Division 15 Sections. If
more than single-type material, device, or label is specified for listed applications,
selection is Installer's option.
3.2 EQUIPMENT IDENTIFICATION
A. Install and permanently fasten equipment nameplates on each major item of
mechanical equipment that does not have nameplate or has nameplate that is
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damaged or located where not easily visible. Locate nameplates where accessible and
visible. Include nameplates for the following general categories of equipment:

1. Fuel-burning units, including boilers, furnaces, heaters, etc.

2. Pumps, compressors, chillers, condensers, and similar motor-driven units.

3 Heat exchangers, coils, evaporators, cooling towers, heat recovery units, and
similar equipment.

4, Fans, blowers, primary balancing dampers, and mixing boxes.

5. Packaged HVAC central-station and zone-type units.

B.  Stenciled Equipment Marker Option: Stenciled markers may be provided instead of
laminated-plastic equipment markers, at Installer's option, if lettering larger than 1 inch
high is needed for proper identification because of distance from normal location of
required identification.

C. Install equipment signs with screws or permanent adhesive on or near each major item
of mechanical equipment. Locate signs where accessible and visible.

1. Identify mechanical equipment with black equipment markers with white lettering.

2. Letter Size: Minimum 1/4 inch for name of units if viewing distance is less than
24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately
larger lettering for greater viewing distances. Include secondary lettering two-
thirds to three-fourths the size of principal lettering.

3. Data: Distinguish among multiple units, indicate operational requirements,
indicate safety and emergency precautions, warn of hazards and improper
operations, and identify units.

4. Include signs for the following general categories of equipment:

a. Main control and operating valves, including safety devices and hazardous
units such as gas outlets.

b. Fuel-burning units, including boilers, furnaces, heaters, etc.

Pumps, compressors, chillers, condensers, and similar motor-driven units.

Heat exchangers, coils, evaporators, cooling towers, heat recovery units,

and similar equipment.

Fans, blowers, primary balancing dampers, and mixing boxes.

Packaged HVAC central-station and zone-type units.

Tanks and pressure vessels.

Strainers, filters, humidifiers, water-treatment systems, and similar

equipment.

oo

SQ ™o

D. Stenciled Equipment Sign Option: Stenciled signs may be provided instead of
laminated-plastic equipment signs, at Installer's option, if lettering larger than 1 inch
high is needed for proper identification because of distance from normal location of
required identification.

E. Install access panel markers with screws on equipment access panels.
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3.3 ADJUSTING

A. Relocate mechanical identification materials and devices that have become visually
blocked by other work.

3.4 CLEANING

A. Clean faces of mechanical identification devices and glass frames of valve schedules.

END OF SECTION 15075
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SECTION 15733 - PACKAGED ROOFTOP UNITS

PART 1 - GENERAL

11

1.2

13

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this Section.
SUMMARY

This Section includes cooling-only packaged rooftop units.

DEFINITIONS

DDC: Direct-digital controls.

SUBMITTALS
Product Data: Include rated capacities, furnished specialties, and accessories.

Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads,
required clearances, methods of field assembly, components, and location and size of
each field connection. Prepare the following by or under the supervision of a qualified
professional engineer:

1. Design Calculations: For selecting and designing restrained vibration isolation
roof-curb rails.

2. Mounting Details: For securing and flashing roof curb to roof structure. Indicate
coordinating requirements with roof membrane system.

3.  Wiring Diagrams: Power, signal, and control wiring.

Startup service reports.

Operation and Maintenance Data: For rooftop units to include in emergency,
operation, and maintenance manuals.

Warranty: Special warranty specified in this Section.

15 QUALITY ASSURANCE
A. Product Options: Drawings indicate size, profiles, and dimensional requirements of
rooftop units and are based on the specific system indicated. Refer to Division 1
Section "Product Requirements."
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1.6

1.7

Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction,
and marked for intended use.

Units shall be designed to operate with HCFC-free refrigerants.

COORDINATION

Coordinate size, installation, and structural capacity of roof curbs, equipment supports,
and roof penetrations. These items are specified in Division 7 Section "Roof
Accessories."

Coordinate size, location, and installation of rooftop unit manufacturer's roof curbs and
equipment supports with roof Installer.

1. Coordinate installation of restrained vibration isolation roof-curb rails, which are
specified in Division 15 Section "Mechanical Vibration and Seismic Controls."

WARRANTY

Special Warranty: Manufacturer's standard form in which manufacturer agrees to
replace components listed below that fail in materials or workmanship within specified
warranty period.

1. Warranty Period for Compressors: Manufacturer's standard, but not less than
five years from date of Substantial Completion.

2. Warranty Period for Heat Exchangers: Manufacturer's standard, but not less
than 10 years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1 MANUFACTURERS
A.  Manufacturers: Subject to compliance with requirements, provide products by one of
the following:
1.  AAON, Inc.
2. Carrier.
3. Trane.
4. York.
5. Prior approved equal.
2.2 CABINET
A.  Construction: Single wall.
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B. Exterior Casing: Galvanized steel with baked-enamel paint finish and with lifting lugs
and knockouts for electrical and piping connections.

C. Interior Casing: Galvanized steel.

D. Base Rails: Galvanized-steel rails for mounting on roof curb.

E. Service Doors: Hinged access doors with neoprene gaskets.

F. Internal Insulation: Fibrous-glass duct lining complying with ASTM C 1071, Type II.

1.  Thickness: 1 inch.

2. Insulation Adhesive: Comply with ASTM C 916, Type |I.

3 Mechanical Fasteners: Galvanized steel, suitable for adhesive attachment,
mechanical attachment, or welding attachment to casing without damaging liner
and without causing air leakage when applied as recommended by manufacturer.

G. Condensate Drain Pans: Formed sections of galvanized-steel sheet designed for self-
drainage. Fabricate pans with slopes to preclude buildup of microbial slime.
2.3 SUPPLY-AIR FAN
A. Fan: Forward-curved centrifugal; statically and dynamically balanced, [galvanized]

[coated] steel, mounted on solid-steel shaft with [self-aligning, permanently lubricated

ball bearings] [pillow-block bearings rated Ls, for 200,000 hours and having external

grease fittings].

B. Motor: [Open dripproof] [Totally enclosed], [single] [two]-speed motor.

C. Drive: V-belt drive with matching fan pulley and adjustable motor sheaves and belt
assembly with minimum 1.4 service factor.

D. Mounting: Fan wheel, motor, and drives shall be mounted in fan casing with
elastomeric isolators.

2.4 REFRIGERATION SYSTEM

A. Fabricate and label refrigeration system to comply with ASHRAE 15, "Safety Code for

Mechanical Refrigeration."

B. Compressors: Reciprocating or scroll compressors with integral vibration isolators,
internal overcurrent and overtemperature protection, internal pressure relief.

C. EER and COP: See Drawings.

D. Refrigerant: R-22 R-407C R-410A.

E. Refrigeration System Specialties:

1. Expansion valve with replaceable thermostatic element.
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2.5

2.6

Refrigerant dryer.

High-pressure switch.

Low-pressure switch.

Thermostat for coil freeze-up protection during low ambient temperature
operation or loss of air.

Brass service valves installed in discharge and liquid lines.

Operating charge of refrigerant.

arwd

No

Refrigerant Coils: Evaporator and condenser coils shall be designed, tested,
fabricated, and rated according to ARI 410 and ASHRAE 33. Caoils shall be leak tested
under water with air at 315 psig.

Capacity Reduction: Circuit coils for interleaved control.

Tubes: Copper.

Fins: Aluminum.

Fin and Tube Joint: Mechanical bond.

Suction and Distributor: Seamless copper tube with brazed joints.
Source Quality Control: Test to 450 psig, and to 300 psig underwater.

ourwNE

Condenser Fan: Propeller type, directly driven by motor.

Safety Controls:

1. Compressor motor and outside-coil fan motor low ambient lockout.

2. Overcurrent protection for compressor motor and outside-coil fan motors.
OUTDOOR-AIR INTAKE AND DAMPERS

Dampers: Leakage rate, according to AMCA 500, shall not exceed 2 percent of air
guantity at face velocity of 2000 fpm through damper and pressure differential of 4-inch
wg.

Damper Operators: Electric.

Mixing Boxes: Parallel-blade, galvanized-steel dampers mechanically fastened to steel
operating rod inside cabinet. Connect operating rods with common interconnecting
linkages so dampers operate simultaneously.

Outdoor-Air Intake Hoods: Galvanized steel, with bird screen and finish to match
cabinet.

ECONOMIZER:

Provide fully modulating damper motors and controls to position outside and return air
dampers so that outside air will be used to satisfy the building cooling load in the

economizer cycle and minimum outside air during occupied mode.

Low leakage dampers shall ride on nylon bearings.
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C. Integrated economizer control shall allow compressors to cycle for additional cooling as
needed based on outdoor enthalpy.

D. Damper actuators shall be opposing gear driven, 24 volt, fully modulating design. Plug-
in control board shall consist of adjustable minimum positioner, enthalpy setpoint, and
DIP switches for setting type of control logic use.

E. Outdoor air hood with filters shall be galvanized steel with a powder coat enamel paint
finish electrostatically bonded to the metal.

F. For units 5 tons and under, provide extruded aluminum gravity relief dampers to
prevent blow-back and outdoor air infiltration during off cycle.

G. For units over 5 tons, provide Centrifugal power exhaust fan which ever is standard for
size of unit.

H.  Provide rainhoods and birdscreens.

2.7 FILTERS

A.  Comply with NFPA 90A.

B. Cleanable Filters: 2-inch- thick, cleanable metal mesh.

C. Disposable Panel Filters: 2-inch- thick, factory-fabricated, flat-panel-type, disposable
air filters with holding frames[, with a minimum efficiency report value of 6 according to
ASHRAE 52.2 and 90 percent average arrestance according to ASHRAE 52.1].

1. Media: Interlaced glass fibers sprayed with nonflammable adhesive.
2. Frame: Galvanized steel.
2.8 CONTROLS

A. Control equipment and sequence of operation are specified in Division 15 Section
"HVAC Instrumentation and Controls."

B.  Factory-wire connection for controls' power supply.

C. Control devices, including sensors, transmitters, relays, switches, thermostats,
humidistats, detectors, operators, actuators, and valves, shall be manufacturer's
standard items to accomplish indicated control functions.

D. Unit Controls: Solid-state control board and components with field-adjustable control
parameters.

E. Supply-Fan Control: Units shall be electrically interlocked with corresponding exhaust
fans, to operate continuously when exhaust fans are running. Time clock shall switch
operation from occupied to unoccupied. Night setback thermostat shall cycle fan
during unoccupied periods to maintain space temperature.
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2.10

1. Timer: Seven-day electronic clock.

2. Electrically interlock kitchen hood fire-extinguishing system to de-energize unit
when fire-extinguishing system discharges.

Unit-Mounted Status Panel:

1. Cooling/Off/Heating Controls: Control operational mode.

2. Damper Position: Indicates position of outdoor-air dampers in terms of
percentage of outdoor air.

3. Status Lights:
a. Filter dirty.
b. Fan operating.
C. Cooling operating.
d. Heating operating.

Integral Smoke Alarm: Smoke detector installed in supply and return air.

7 day programmable thermostat.

MOTORS

Comply with requirements in Division 15 Section "Motors."

FULL PERIMETER CURB:

Provide unit manufacturer’s factory built curb that shall meet the National Roofing
Contractors Association August 1985 guidelines for roof mounted installations.

The curb shall be 14 inches high, 16 gauge, galvanized steel construction with a 2 x 4
pressure treated wood nailer neoprene sealing strip, and welded Z-bar flashing.

Curb shall be installed on concrete pad. Coordinate with G.C.

PART 3 - EXECUTION

3.1 EXAMINATION
A. Examine substrates, areas, and conditions, with Installer present, for compliance with
requirements for installation tolerances and other conditions affecting installation of
rooftop units.
B.  Examine roughing-in for piping, ducts, and electrical systems to verify actual locations
of connections before equipment installation.
C. Examine roof curbs and equipment supports for suitable conditions where rooftop units
will be installed.
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3.2

3.3

3.4

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Install roof curb on roof structure, according to [NRCA's "Low-Slope Membrane
Roofing Construction Details Manual,”" lllustration "Raised Curb Detail for Rooftop Air
Handling Units and Ducts."] [ARI Guideline B.] Install and secure rooftop units on curbs
and coordinate roof penetrations and flashing with roof construction.

Install restrained vibration isolation roof-curb rails on roof structure according to
[NRCA's "Low-Slope Membrane Roofing Construction Details Manual," lllustration
"Raised Curb Detail for Rooftop Air Handling Units and Ducts."] [ARI Guideline B.]
Install and secure rooftop units on rails and coordinate roof penetrations and flashing
with roof construction. Restrained isolation roof-curb rails are specified in Division 15
Section "Mechanical Vibration and Seismic Controls."

Install wall- and duct-mounting sensors, thermostats, and humidistats furnished by
manufacturers for field installation. Install control wiring and make final connections to
control devices and unit control panel.

CONNECTIONS

Piping installation requirements are specified in other Division 15 Sections. Drawings
indicate general arrangement of piping, fittings, and specialties.

Install piping adjacent to machine to allow service and maintenance.

Duct Connections: Duct installation requirements are specified in Division 15 Section
"Metal Ducts." Drawings indicate the general arrangement of ducts. Connect
supply and return ducts to rooftop units with flexible duct connectors. Flexible duct
connectors are specified in Division 15 Section "Duct Accessories."

Electrical Connections: Comply with requirements in Division 16 Sections for power
wiring, switches, and motor controls.

Ground equipment according to Division 16 Section "Grounding and Bonding."

STARTUP SERVICE
Engage a factory-authorized service representative to perform startup service.

Complete installation and startup checks according to manufacturer's written
instructions and perform the following:

Inspect for visible damage to furnace combustion chamber.

Inspect for visible damage to compressor, air-cooled outside coil, and fans.
Inspect casing insulation for integrity, moisture content, and adhesion.
Verify that clearances have been provided for servicing.

Verify that controls are connected and operable.

arowpdE
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6.  Verify that filters are installed.
7. Clean outside coil and inspect for construction debris.
8. Clean furnace flue and inspect for construction debris.
9. Inspect operation of power vents.
10. Purge gas line.
11. Inspect and adjust vibration isolators and seismic restraints.
12. Verify bearing lubrication.
13. Inspect fan-wheel rotation for movement in correct direction without vibration and
binding.
14. Adjust fan belts to proper alignment and tension.
15. Start unit.
16. Start refrigeration system when outdoor-air temperature is within normal
operating limits.
17. Inspect and record performance of interlocks and protective devices including
response to smoke detectors by fan controls and fire alarm.
18. Operate unit for run-in period.
19. Perform the following operations for both minimum and maximum firing and
adjust burner for peak efficiency:
a. Measure gas pressure at manifold.
b. Measure combustion-air temperature at inlet to combustion chamber.
C. Measure flue-gas temperature at furnace discharge.
d. Perform flue-gas analysis. Measure and record flue-gas carbon dioxide
and oxygen concentration.
e. Measure supply-air temperature and volume when burner is at maximum
firing rate and when burner is off. Calculate useful heat to supply air.
20. Calibrate thermostats.
21. Adjust and inspect high-temperature limits.
22. Inspect outdoor-air dampers for proper stroke.
23. Start refrigeration system and measure and record the following:
a Coil leaving-air, dry- and wet-bulb temperatures.
b. Coil entering-air, dry- and wet-bulb temperatures.
c Outdoor-air, dry-bulb temperature.
d Outdoor-air-coil, discharge-air, dry-bulb temperature.
24. Verify operational sequence of controls.
25. Measure and record the following airflows. Plot fan volumes on fan curve.
a. Supply-air volume.
b. Return-air volume.
C. Outdoor-air intake volume.
26. Simulate maximum cooling demand and inspect the following:
a. Compressor refrigerant suction and hot-gas pressures.
b. Short circuiting of air through outside coil or from outside coil to outdoor-air
intake.
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27. Verify operation of remote panel including pilot-light operation and failure modes.
Inspect the following:

a. High-limit heat exchanger.
b.  Alarms.

C. After startup and performance testing, change filters, verify bearing lubrication, and
adjust belt tension.

D. Remove and replace components that do not pass tests and inspections and retest as
specified above.

E. Prepare written report of the results of startup services.

3.5 ADJUSTING

A.  Adjust initial temperature and humidity set points.

B. Set field-adjustable switches and circuit-breaker trip ranges as indicated.

C. Occupancy Adjustments: When requested within 12 months of date of Substantial
Completion, provide on-site assistance in adjusting system to suit actual occupied
conditions. Provide up to two visits to Project outside normal occupancy hours for this
purpose.

3.6 DEMONSTRATION
A. Engage a factory-authorized service representative to train Owner's maintenance

personnel to adjust, operate, and maintain rooftop units. Refer to Division 1 Section
"Closeout Procedures."

END OF SECTION 15733
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SECTION 15855 - DIFFUSERS, REGISTERS, AND GRILLES

PART 1 - GENERAL

11

A.

1.2

A.

B.

13

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes ceiling- and wall-mounted diffusers, registers, and grilles.

Related Sections include the following:

1. Division 15 Section "Duct Accessories" for fire and smoke dampers and volume-
control dampers not integral to diffusers, registers, and grilles.

SUBMITTALS

Product Data: For each product indicated, include the following:

1. Data Sheet: Indicate materials of construction, finish, and mounting details; and
performance data including throw and drop, static-pressure drop, and noise
ratings.

2. Diffuser, Register, and Grille Schedule: Indicate Drawing designation, room
location, quantity, model number, size, and accessories furnished.

PART 2 - PRODUCTS

2.1

A.

B.

MANUFACTURERS

In other Part 2 articles where titles below introduce lists, the following requirements
apply to product selection:

1. Products: Subject to compliance with requirements, provide one of the products
specified.

Fixed Face Ceiling Return, Exhaust, or Transfer Air Grille:
1. Products:
a. Carnes; RSLA.

b. Krueger; S85H.
C. Price Industries; 535.
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2.2

d. Titus; 355RL.
e. Tuttle & Bailey; T70D.
f. Or equal by:

1) A-J Manufacturing Co., Inc.

2)  Anemostat; a Mestek Company.

3) Dayus Register & Grille.

4)  Hart & Cooley, Inc.; Hart & Cooley Div.
5)  Nailor Industries of Texas Inc.

Material: Steel.

Finish: Baked enamel, white.

Face Arrangement: 1/2 inch horizontal blade spacing.
Frame: 1-1/4 inches wide.

arwd

SOURCE QUALITY CONTROL

Verification of Performance: Rate diffusers, registers, and grilles according to
ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and Inlets."

PART 3 - EXECUTION

3.1

3.2

EXAMINATION

Examine areas where diffusers, registers, and grilles are to be installed for compliance
with requirements for installation tolerances and other conditions affecting performance
of equipment.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION
Install diffusers, registers, and grilles level and plumb.

Ceiling-Mounted Outlets and Inlets: Drawings indicate general arrangement of ducts,
fittings, and accessories. Air outlet and inlet locations have been indicated to achieve
design requirements for air volume, noise criteria, airflow pattern, throw, and pressure
drop. Make final locations where indicated, as much as practicable. For units installed
in lay-in ceiling panels, provide lay-in ceiling module. Where architectural features or
other items conflict with installation, notify Architect for a determination of final location.

Install diffusers, registers, and grilles with airtight connections to ducts and to allow
service and maintenance of dampers, air extractors, and fire dampers.
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3.3 ADJUSTING

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as
directed, before starting air balancing.

END OF SECTION 15855
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SECTION 15950 - TESTING, ADJUSTING, AND BALANCING

PART 1 - GENERAL

11

1.2

13

RELATED DOCUMENTS
Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this Section.
SUMMARY
This Section includes TAB to produce design objectives for the following:
1.  Air Systems:

a. Constant-volume air systems.
2. Verifying that automatic control devices are functioning properly.
3. Reporting results of activities and procedures specified in this Section.
DEFINITIONS

Adjust: To regulate fluid flow rate and air patterns at the terminal equipment, such as
to reduce fan speed or adjust a damper.

Balance: To proportion flows within the distribution system, including submains,
branches, and terminals, according to indicated quantities.

Barrier or Boundary: Construction, either vertical or horizontal, such as walls, floors,
and ceilings that are designed and constructed to restrict the movement of airflow,
smoke, odors, and other pollutants.

Draft: A current of air, when referring to localized effect caused by one or more factors
of high air velocity, low ambient temperature, or direction of airflow, whereby more heat
is withdrawn from a person's skin than is normally dissipated.

NC: Noise criteria.

Procedure: An approach to and execution of a sequence of work operations to yield
repeatable results.

RC: Room criteria.

Report Forms: Test data sheets for recording test data in logical order.

DFCM PROJECT NO. 07199790 1 15950
UVSC CONCRETE STAIRS PROJECT NOVEMBER 2007 TESTING, ADJUSTING AND

BALANCING



Smoke-Control System: An engineered system that uses fans to produce airflow and
pressure differences across barriers to limit smoke movement.

J. Smoke-Control Zone: A space within a building that is enclosed by smoke barriers and
is a part of a zoned smoke-control system.

K.  Stair Pressurization System: A type of smoke-control system that is intended to
positively pressurize stair towers with outdoor air by using fans to keep smoke from
contaminating the stair towers during an alarm condition.

L. Static Head: The pressure due to the weight of the fluid above the point of
measurement. In a closed system, static head is equal on both sides of the pump.

M.  Suction Head: The height of fluid surface above the centerline of the pump on the
suction side.

N. System Effect: A phenomenon that can create undesired or unpredicted conditions
that cause reduced capacities in all or part of a system.

O. System Effect Factors: Allowances used to calculate a reduction of the performance
ratings of a fan when installed under conditions different from those presented when
the fan was performance tested.

P.  TAB: Testing, adjusting, and balancing.

Q. Terminal: A point where the controlled medium, such as fluid or energy, enters or
leaves the distribution system.

R.  Test: A procedure to determine quantitative performance of systems or equipment.

S.  Testing, Adjusting, and Balancing (TAB) Firm: The entity responsible for performing
and reporting TAB procedures.

14 SUBMITTALS

A. Qualification Data: Within 15 days from Contractor's Notice to Proceed, submit 4
copies of evidence that TAB firm and this Project's TAB team members meet the
gualifications specified in "Quality Assurance" Article.

B. Contract Documents Examination Report: Within 30 days from Contractor's Notice to
Proceed, submit 4 copies of the Contract Documents review report as specified in
Part 3.

C. Strategies and Procedures Plan: Within 60 days from Contractor's Notice to Proceed,
submit 4 copies of TAB strategies and step-by-step procedures as specified in Part 3
"Preparation” Article. Include a complete set of report forms intended for use on this
Project.
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Certified TAB Reports: Submit two copies of reports prepared, as specified in this
Section, on approved forms certified by TAB firm.

Sample Report Forms: Submit two sets of sample TAB report forms.

Warranties specified in this Section.

QUALITY ASSURANCE
TAB Firm Qualifications: Engage a TAB firm certified by AABC or NEBB.

TAB Conference: Meet with Owner's and Architect's representatives on approval of
TAB strategies and procedures plan to develop a mutual understanding of the details.
Ensure the participation of TAB team members, equipment manufacturers' authorized
service representatives, HVAC controls installers, and other support personnel.
Provide seven days' advance notice of scheduled meeting time and location.

1. Agendaltems: Include at least the following:

Submittal distribution requirements.

The Contract Documents examination report.

TAB plan.

Work schedule and Project-site access requirements.
Coordination and cooperation of trades and subcontractors.
Coordination of documentation and communication flow.

~poooTw

Certification of TAB Reports: Certify TAB field data reports. This certification includes
the following:

1. Review field data reports to validate accuracy of data and to prepare certified
TAB reports.

2. Certify that TAB team complied with approved TAB plan and the procedures
specified and referenced in this Specification.

TAB Report Forms: Use standard forms from AABC's "National Standards for Testing
and Balancing Heating, Ventilating, and Air Conditioning Systems” or NEBB's
"Procedural Standards for Testing, Adjusting, and Balancing of Environmental
Systems."”

Instrumentation Type, Quantity, and Accuracy: As described in AABC's "National
Standards for Testing and Balancing Heating, Ventilating, and Air Conditioning
Systems or NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of
Environmental Systems," Section I, "Required Instrumentation for NEBB Certification."

Instrumentation Calibration: Calibrate instruments at least every six months or more
frequently if required by instrument manufacturer.

1. Keep an updated record of instrument calibration that indicates date of calibration
and the name of party performing instrument calibration.
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G. Approved TAB agencies:

1. Bonneville Test and Balance.
2. BTC Services.
3. Certified Test and Balance.
4. Danis Test and Balance.
5. Intermountain Test and Balance.
6. RS Analysis.
7. Technical Specialties.
8. Testing and Balancing, Inc.

1.6 PROJECT CONDITIONS

A.  Full Owner Occupancy: Owner will occupy the site and existing building during entire
TAB period. Cooperate with Owner during TAB operations to minimize conflicts with
Owner's operations.

B. Partial Owner Occupancy: Owner may occupy completed areas of building before
Substantial Completion. Cooperate with Owner during TAB operations to minimize
conflicts with Owner's operations.

1.7 COORDINATION

A. Coordinate the efforts of factory-authorized service representatives for systems and
equipment, HVAC controls installers, and other mechanics to operate HVAC systems
and equipment to support and assist TAB activities.

B. Notice: Provide seven days' advance notice for each test. Include scheduled test
dates and times.

C. Perform TAB after leakage and pressure tests on air and water distribution systems
have been satisfactorily completed.

1.8 WARRANTY

A. National Project Performance Guarantee: Provide a guarantee on AABC's "National
Standards for Testing and Balancing Heating, Ventilating, and Air Conditioning
Systems" forms stating that AABC will assist in completing requirements of the
Contract Documents if TAB firm fails to comply with the Contract Documents.
Guarantee includes the following provisions:

1. The certified TAB firm has tested and balanced systems according to the
Contract Documents.
2. Systems are balanced to optimum performance capabilities within design and
installation limits.
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PART 2 - PRODUCTS
(Not Applicable)

PART 3 - EXECUTION

3.1

EXAMINATION

Examine the Contract Documents to become familiar with Project requirements and to
discover conditions in systems' designs that may preclude proper TAB of systems and
equipment.

1. Contract Documents are defined in the General and Supplementary Conditions
of Contract.

2. Verify that balancing devices, such as test ports, gage cocks, thermometer wells,
flow-control devices, balancing valves and fittings, and manual volume dampers,
are required by the Contract Documents. Verify that quantities and locations of
these balancing devices are accessible and appropriate for effective balancing
and for efficient system and equipment operation.

Examine approved submittal data of HYAC systems and equipment.

Examine Project Record Documents described in Division 1 Section "Project Record
Documents."”

Examine design data, including HVAC system descriptions, statements of design
assumptions for environmental conditions and systems' output, and statements of
philosophies and assumptions about HVAC system and equipment controls.

Examine equipment performance data including fan and pump curves. Relate
performance data to Project conditions and requirements, including system effects that
can create undesired or unpredicted conditions that cause reduced capacities in all or
part of a system. Calculate system effect factors to reduce performance ratings of
HVAC equipment when installed under conditions different from those presented when
the equipment was performance tested at the factory. To calculate system effects for
air systems, use tables and charts found in AMCA 201, "Fans and Systems,"
Sections 7 through 10; or in SMACNA's "HVAC Systems--Duct Design," Sections 5
and 6. Compare this data with the design data and installed conditions.

Examine system and equipment installations to verify that they are complete and that
testing, cleaning, adjusting, and commissioning specified in individual Sections have
been performed.

Examine system and equipment test reports.
Examine HVAC system and equipment installations to verify that indicated balancing

devices, such as test ports, gage cocks, thermometer wells, flow-control devices,
balancing valves and fittings, and manual volume dampers, are properly installed, and
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that their locations are accessible and appropriate for effective balancing and for
efficient system and equipment operation.

l. Examine systems for functional deficiencies that cannot be corrected by adjusting and
balancing.

J. Examine HVAC equipment to ensure that clean filters have been installed, bearings
are greased, belts are aligned and tight, and equipment with functioning controls is
ready for operation.

K. Examine terminal units, such as variable-air-volume boxes, to verify that they are
accessible and their controls are connected and functioning.

L. Examine plenum ceilings used for supply air to verify that they are airtight. Verify that
pipe penetrations and other holes are sealed.

M.  Examine strainers for clean screens and proper perforations.

N. Examine three-way valves for proper installation for their intended function of diverting
or mixing fluid flows.

O. Examine heat-transfer coils for correct piping connections and for clean and straight
fins.

P.  Examine system pumps to ensure absence of entrained air in the suction piping.

Q. Examine equipment for installation and for properly operating safety interlocks and
controls.

R.  Examine automatic temperature system components to verify the following:

1. Dampers, valves, and other controlled devices are operated by the intended

controller.
2. Dampers and valves are in the position indicated by the controller.
3. Integrity of valves and dampers for free and full operation and for tightness of

fully closed and fully open positions. This includes dampers in multizone units,
mixing boxes, and variable-air-volume terminals.

4.  Automatic modulating and shutoff valves, including two-way valves and three-
way mixing and diverting valves, are properly connected.

5. Thermostats and humidistats are located to avoid adverse effects of sunlight,
drafts, and cold walls.

6. Sensors are located to sense only the intended conditions.

7. Sequence of operation for control modes is according to the Contract
Documents.

8. Controller set points are set at indicated values.

9. Interlocked systems are operating.

10. Changeover from heating to cooling mode occurs according to indicated values.
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3.2

3.3

3.4

Report deficiencies discovered before and during performance of TAB procedures.
Observe and record system reactions to changes in conditions. Record default set
points if different from indicated values.

PREPARATION
Prepare a TAB plan that includes strategies and step-by-step procedures.

Complete system readiness checks and prepare system readiness reports. Verify the
following:

Permanent electrical power wiring is complete.

Hydronic systems are filled, clean, and free of air.

Automatic temperature-control systems are operational.

Equipment and duct access doors are securely closed.

Balance, smoke, and fire dampers are open.

Isolating and balancing valves are open and control valves are operational.
Ceilings are installed in critical areas where air-pattern adjustments are required
and access to balancing devices is provided.

Windows and doors can be closed so indicated conditions for system operations
can be met.

Noos~wbdbrE
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GENERAL PROCEDURES FOR TESTING AND BALANCING

Perform testing and balancing procedures on each system according to the procedures
contained in AABC's "National Standards for Testing and Balancing Heating,
Ventilating, and Air Conditioning Systems" or NEBB's "Procedural Standards for
Testing, Adjusting, and Balancing of Environmental Systems" and this Section.

Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to
the minimum extent necessary to allow adequate performance of procedures. After
testing and balancing, close probe holes and patch insulation with new materials
identical to those removed. Restore vapor barrier and finish according to insulation
Specifications for this Project.

Mark equipment and balancing device settings with paint or other suitable, permanent
identification material, including damper-control positions, valve position indicators, fan-
speed-control levers, and similar controls and devices, to show final settings.

Take and report testing and balancing measurements in inch-pound (IP) units.

GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and
recommended testing procedures. Crosscheck the summation of required outlet
volumes with required fan volumes.
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B. Prepare schematic diagrams of systems' "as-built" duct layouts.

C.  For variable-air-volume systems, develop a plan to simulate diversity.

D. Determine the best locations in main and branch ducts for accurate duct airflow
measurements.

E. Check airflow patterns from the outside-air louvers and dampers and the return- and
exhaust-air dampers, through the supply-fan discharge and mixing dampers.

F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.

G. Verify that motor starters are equipped with properly sized thermal protection.

H.  Check dampers for proper position to achieve desired airflow path.

l. Check for airflow blockages.

J. Check condensate drains for proper connections and functioning.

K.  Check for proper sealing of air-handling unit components.

L. Check for proper sealing of air duct system.

3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed
listed by fan manufacturer.
1. Measure fan static pressures to determine actual static pressure as follows:

a. Measure outlet static pressure as far downstream from the fan as
practicable and upstream from restrictions in ducts such as elbows and
transitions.

b. Measure static pressure directly at the fan outlet or through the flexible
connection.

C. Measure inlet static pressure of single-inlet fans in the inlet duct as near
the fan as possible, upstream from flexible connection and downstream
from duct restrictions.

d. Measure inlet static pressure of double-inlet fans through the wall of the
plenum that houses the fan.

2. Measure static pressure across each component that makes up an air-handling
unit, rooftop unit, and other air-handling and -treating equipment.

a. Simulate dirty filter operation and record the point at which maintenance
personnel must change filters.
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Measure static pressures entering and leaving other devices such as sound
traps, heat recovery equipment, and air washers, under final balanced
conditions.

Compare design data with installed conditions to determine variations in design
static pressures versus actual static pressures. Compare actual system effect
factors with calculated system effect factors to identify where variations occur.
Recommend corrective action to align design and actual conditions.

Obtain approval from Architect for adjustment of fan speed higher or lower than
indicated speed. Make required adjustments to pulley sizes, motor sizes, and
electrical connections to accommodate fan-speed changes.

Do not make fan-speed adjustments that result in motor overload. Consult
equipment manufacturers about fan-speed safety factors. Modulate dampers
and measure fan-motor amperage to ensure that no overload will occur.
Measure amperage in full cooling, full heating, economizer, and any other
operating modes to determine the maximum required brake horsepower.

Adjust volume dampers for main duct, submain ducts, and major branch ducts to
indicated airflows within specified tolerances.

1.

Measure static pressure at a point downstream from the balancing damper and
adjust volume dampers until the proper static pressure is achieved.

a. Where sufficient space in submain and branch ducts is unavailable for
Pitot-tube traverse measurements, measure airflow at terminal outlets and
inlets and calculate the total airflow for that zone.

Remeasure each submain and branch duct after all have been adjusted.
Continue to adjust submain and branch ducts to indicated airflows within
specified tolerances.

Measure terminal outlets and inlets without making adjustments.

1.

Measure terminal outlets using a direct-reading hood or outlet manufacturer's
written instructions and calculating factors.

Adjust terminal outlets and inlets for each space to indicated airflows within specified
tolerances of indicated values. Make adjustments using volume dampers rather than
extractors and the dampers at air terminals.

1.

Adjust each outlet in same room or space to within specified tolerances of
indicated quantities without generating noise levels above the limitations
prescribed by the Contract Documents.

Adjust patterns of adjustable outlets for proper distribution without drafts.

3.6 TEMPERATURE-CONTROL VERIFICATION

A.  Verify that controllers are calibrated and commissioned.
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3.7

3.8

Check transmitter and controller locations and note conditions that would adversely
affect control functions.

Record controller settings and note variances between set points and actual
measurements.

Check the operation of limiting controllers (i.e., high- and low-temperature controllers).

Check free travel and proper operation of control devices such as damper and valve
operators.

Check the sequence of operation of control devices. Note air pressures and device
positions and correlate with airflow and water flow measurements. Note the speed of
response to input changes.

Check the interaction of electrically operated switch transducers.
Check the interaction of interlock and lockout systems.
Check main control supply-air pressure and observe compressor and dryer operations.

Record voltages of power supply and controller output. Determine whether the system
operates on a grounded or nongrounded power supply.

Note operation of electric actuators using spring return for proper fail-safe operations.

TOLERANCES
Set HVAC system airflow and water flow rates within the following tolerances:

1. Supply, Return, and Exhaust Fans and Equipment with Fans: Plus 5 to plus 10
percent.

2. Air Outlets and Inlets: 0 to minus 10 percent.

3. Heating-Water Flow Rate: 0 to minus 10 percent.

4. Cooling-Water Flow Rate: 0 to minus 5 percent.

REPORTING

Initial Construction-Phase Report: Based on examination of the Contract Documents
as specified in "Examination” Article, prepare a report on the adequacy of design for
systems' balancing devices. Recommend changes and additions to systems'
balancing devices to facilitate proper performance measuring and balancing.
Recommend changes and additions to HVAC systems and general construction to
allow access for performance measuring and balancing devices.

Status Reports: As Work progresses, prepare reports to describe completed
procedures, procedures in progress, and scheduled procedures. Include a list of
deficiencies and problems found in systems being tested and balanced. Prepare a
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separate report for each system and each building floor for systems serving multiple
floors.

3.9 FINAL REPORT

A. General: Typewritten, or computer printout in letter-quality font, on standard bond
paper, in three-ring binder, tabulated and divided into sections by tested and balanced
systems.

B. Include a certification sheet in front of binder signed and sealed by the certified testing
and balancing engineer.

1.

Include a list of instruments used for procedures, along with proof of calibration.

C. Final Report Contents: In addition to certified field report data, include the following:

arwnNpE

Pump curves.

Fan curves.

Manufacturers' test data.

Field test reports prepared by system and equipment installers.

Other information relative to equipment performance, but do not include Shop
Drawings and Product Data.

D. General Report Data: In addition to form titles and entries, include the following data in
the final report, as applicable:

BOoo~NoGOMWNE

12.
13.
14.

15.

Title page.

Name and address of TAB firm.

Project name.

Project location.

Architect's name and address.

Engineer's name and address.

Contractor's name and address.

Report date.

Signature of TAB firm who certifies the report.
Table of Contents with the total number of pages defined for each section of the
report. Number each page in the report.
Summary of contents including the following:

a. Indicated versus final performance.

b. Notable characteristics of systems.

C. Description of system operation sequence if it varies from the Contract
Documents.

Nomenclature sheets for each item of equipment.

Data for terminal units, including manufacturer, type size, and fittings.

Notes to explain why certain final data in the body of reports varies from
indicated values.

Test conditions for fans and pump performance forms including the following:
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Settings for outside-, return-, and exhaust-air dampers.

Conditions of filters.

Cooling coil, wet- and dry-bulb conditions.

Face and bypass damper settings at coils.

Fan drive settings including settings and percentage of maximum pitch
diameter.

Inlet vane settings for variable-air-volume systems.

Settings for supply-air, static-pressure controller.

Other system operating conditions that affect performance.

P oCP
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E. System Diagrams: Include schematic layouts of air and hydronic distribution systems.
Present each system with single-line diagram and include the following:

Quantities of outside, supply, return, and exhaust airflows.
Water and steam flow rates.

Duct, outlet, and inlet sizes.

Pipe and valve sizes and locations.

Terminal units.

Balancing stations.

Position of balancing devices.

Noas~wbdE

F.  Air-Handling Unit Test Reports: For air-handling units with coils, include the following:
1. Unit Data: Include the following:

Unit identification.

Location.

Make and type.

Model number and unit size.
Manufacturer's serial number.

Unit arrangement and class.

Discharge arrangement.

Sheave make, size in inches, and bore.
Sheave dimensions, center-to-center, and amount of adjustments in
inches.

J- Number of belts, make, and size.

K. Number of filters, type, and size.

TTQ@Tooo0 T

2. Motor Data:

Make and frame type and size.

Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

Sheave make, size in inches, and bore.

Sheave dimensions, center-to-center, and amount of adjustments in
inches.

~ooooTw

3.  Test Data (Indicated and Actual Values):
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Total airflow rate in cfm.

Total system static pressure in inches wg.

Fan rpm.

Discharge static pressure in inches wg.

Filter static-pressure differential in inches wg.
Preheat coil static-pressure differential in inches wg.
Cooling coil static-pressure differential in inches wg.
Heating coil static-pressure differential in inches wg.
Outside airflow in cfm.

Return airflow in cfm.

Outside-air damper position.

l. Return-air damper position.

m.  Vortex damper position.

AT T S@Tmoo0 oy

G. Apparatus-Coil Test Reports:
1. Coil Data:

System identification.
Location.

Coil type.

Number of rows.

Fin spacing in fins per inch o.c.
Make and model number.
Face area in sq. ft..

Tube size in NPS.

Tube and fin materials.
Circuiting arrangement.

T Ts@meoooTe

2. Test Data (Indicated and Actual Values):

Airflow rate in cfm.

Average face velocity in fpm.

Air pressure drop in inches wg.

Outside-air, wet- and dry-bulb temperatures in deg F.
Return-air, wet- and dry-bulb temperatures in deg F.
Entering-air, wet- and dry-bulb temperatures in deg F.
Leaving-air, wet- and dry-bulb temperatures in deg F.
Water flow rate in gpm.

Water pressure differential in feet of head or psig.
Entering-water temperature in deg F.

Leaving-water temperature in deg F.

Refrigerant expansion valve and refrigerant types.
Refrigerant suction pressure in psig.

Refrigerant suction temperature in deg F.

Inlet steam pressure in psig.

OS5 3TXRXTToTQ@TOo00TY

H. Instrument Calibration Reports:

DFCM PROJECT NO. 07199790 13 15950
UVSC CONCRETE STAIRS PROJECT NOVEMBER 2007 TESTING, ADJUSTING AND
BALANCING



Report Data:

Instrument type and make.
Serial number.
Application.

Dates of use.

Dates of calibration.

PO TR

3.10 INSPECTIONS

A. Initial Inspection:

1.

After testing and balancing are complete, operate each system and randomly
check measurements to verify that the system is operating according to the final
test and balance readings documented in the Final Report.

Randomly check the following for each system:

a. Measure airflow of at least 10 percent of air outlets.
b. Measure water flow of at least 5 percent of terminals.

C. Measure room temperature at each thermostat/temperature sensor.
Compare the reading to the set point.

d. Measure sound levels at two locations.

e. Measure space pressure of at least 10 percent of locations.

f. Verify that balancing devices are marked with final balance position.

g. Note deviations to the Contract Documents in the Final Report.

B.  Final Inspection:

1.

After initial inspection is complete and evidence by random checks verifies that
testing and balancing are complete and accurately documented in the final
report, request that a final inspection be made by Owner.

TAB firm test and balance engineer shall conduct the inspection in the presence
of Owner.

Owner shall randomly select measurements documented in the final report to be
rechecked. The rechecking shall be limited to either 10 percent of the total
measurements recorded, or the extent of measurements that can be
accomplished in a normal 8-hour business day.

If the rechecks yield measurements that differ from the measurements
documented in the final report by more than the tolerances allowed, the
measurements shall be noted as "FAILED."

If the number of "FAILED" measurements is greater than 10 percent of the total
measurements checked during the final inspection, the testing and balancing
shall be considered incomplete and shall be rejected.

TAB firm shall recheck all measurements and make adjustments. Revise the
final report and balancing device settings to include all changes and resubmit the
final report.

Request a second final inspection. If the second final inspection also fails,
Owner shall contract the services of another TAB firm to complete the testing and
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balancing in accordance with the Contract Documents and deduct the cost of the
services from the final payment.

3.11 ADDITIONAL TESTS

A.  Within 90 days of completing TAB, perform additional testing and balancing to verify

that balanced conditions are being maintained throughout and to correct unusual
conditions.

B. Seasonal Periods: If initial TAB procedures were not performed during near-peak
summer and winter conditions, perform additional testing, inspecting, and adjusting
during near-peak summer and winter conditions.

END OF SECTION 15950
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PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY
A. Section Includes:
1. Electrical equipment coordination and installation.
2. Sleeves for raceways and cables.
3. Sleeve seals.
4. Grout.
5. Common electrical installation requirements.

1.3 DEFINITIONS
A. EPDM: Ethylene-propylene-diene terpolymer rubber.

B. NBR: Acrylonitrile-butadiene rubber.

1.4 SUBMITTALS
A. Product Data: For sleeve seals.
1.5 COORDINATION
A. Coordinate arrangement, mounting, and support of electrical equipment:
1. To allow maximum possible headroom unless specific mounting heights that reduce headroom are
indicated.
2. To provide for ease of disconnecting the equipment with minimum interference to other
installations.
3. To allow right of way for piping and conduit installed at required slope.
4. So connecting raceways, cables, wireways, cable trays, and busways will be clear of obstructions

and of the working and access space of other equipment.

B. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, masonry
walls, and other structural components as they are constructed.

C. Coordinate location of access panels and doors for electrical items that are behind finished surfaces or
otherwise concealed. Access doors and panels are specified in Division 8 Section "Access Doors and
Frames."

D. Coordinate sleeve selection and application with selection and application of firestopping specified in

Division 7 Section "Through-Penetration Firestop Systems."

DFCM PROJECT NO. 07199790 1 16051
UVSC CONCRETE STAIRS PROJECTS NOVEMBER 2007 COMMON WORK RESULTS FOR ELECTRICAL



PART 2 - PRODUCTS

2.1

2.2

2.3

A.

SLEEVES FOR RACEWAYS AND CABLES
Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.

Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain
ends and integral waterstop, unless otherwise indicated.

Sleeves for Rectangular Openings: Galvanized sheet steel.

1. Minimum Metal Thickness:
a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no side
more than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm).
b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches (1270 mm)

and 1 or more sides equal to, or more than, 16 inches (400 mm), thickness shall be 0.138
inch (3.5 mm).

SLEEVE SEALS

Description: Modular sealing device, designed for field assembly, to fill annular space between sleeve
and raceway or cable.

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following
a. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. Metraflex Co.
d. Pipeline Seal and Insulator, Inc.

2. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit. Include
type and number required for material and size of raceway or cable.

3. Pressure Plates: Plastic Include two for each sealing element.

4. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length required to

secure pressure plates to sealing elements. Include one for each sealing element.

GROUT

Nonmetallic, Shrinkage-Resistant Grout: ASTM C 1107, factory-packaged, nonmetallic aggregate grout,
noncorrosive, nonstaining, mixed with water to consistency suitable for application and a 30-minute
working time.

PART 3 - EXECUTION

3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION
A. Comply with NECA 1.
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B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit for wall-
mounting items.

C. Headroom Maintenance: If mounting heights or other location criteria are not indicated, arrange and
install components and equipment to provide maximum possible headroom consistent with these
requirements.

D. Equipment: Install to facilitate service, maintenance, and repair or replacement of components of both

electrical equipment and other nearby installations. Connect in such a way as to facilitate future
disconnecting with minimum interference with other items in the vicinity.

E. Right of Way: Give to piping systems installed at a required slope.

3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways penetrate
concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.

B. Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed openings
are used. Install sleeves during erection of slabs and walls.

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.

D. Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies unless
openings compatible with firestop system used are fabricated during construction of floor or wall.

E. Cut sleeves to length for mounting flush with both surfaces of walls.
F. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.
G. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway or cable,

unless indicated otherwise.
H. Seal space outside of sleeves with grout for penetrations of concrete and masonry

1. Promptly pack grout solidly between sleeve and wall so no voids remain. Tool exposed surfaces
smooth; protect grout while curing.

L Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve and
raceway or cable, using joint sealant appropriate for size, depth, and location of joint. Comply with
requirements in Division 7 Section "Joint Sealants."

I Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors
at raceway and cable penetrations. Install sleeves and seal raceway and cable penetration sleeves with
firestop materials. Comply with requirements in Division 7 Section "Through-Penetration Firestop
Systems."

K. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible boot-type
flashing units applied in coordination with roofing work.

L. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and mechanical
sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve
for installing mechanical sleeve seals.
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Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow for 1-inch
(25-mm) annular clear space between raceway or cable and sleeve for installing mechanical sleeve seals.

SLEEVE-SEAL INSTALLATION
Install to seal exterior wall penetrations.

Use type and number of sealing elements recommended by manufacturer for raceway or cable material
and size. Position raceway or cable in center of sleeve. Assemble mechanical sleeve seals and install in
annular space between raceway or cable and sleeve. Tighten bolts against pressure plates that cause
sealing elements to expand and make watertight seal.

FIRESTOPPING
Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical installations to

restore original fire-resistance rating of assembly. Firestopping materials and installation requirements
are specified in Division 7 Section "Through-Penetration Firestop Systems."

END OF SECTION 16051
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SECTION 16074- VIBRATION AND SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY
A. This Section includes the following:
1. Isolation pads.
2. Spring isolators.
3. Restrained spring isolators.
4. Channel support systems.
5. Restraint cables.
6. Hanger rod stiffeners.
7. Anchorage bushings and washers.
B. Related Sections include the following:
1. Division 16 Section "Hangers and Supports for Electrical Systems" for commonly used electrical

supports and installation requirements.

1.3 DEFINITIONS
A. The IBC: International Building Code.
B. ICC-ES: ICC-Evaluation Service.

C. OSHPD: Office of Statewide Health Planning and Development for the State of California.

1.4 PERFORMANCE REQUIREMENTS
A. Seismic-Restraint Loading:
1. Site Class as Defined in the IBC: Refer to structural specification
2. Assigned Seismic Use Group or Building Category as Defined in the IBC: III
1.5 SUBMITTALS

A. Product Data: For the following:

1. Include rated load, rated deflection, and overload capacity for each vibration isolation device.
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2. Illustrate and indicate style, material, strength, fastening provision, and finish for each type and
size of seismic-restraint component used.

a. Tabulate types and sizes of seismic restraints, complete with report numbers and rated
strength in tension and shear as evaluated by an evaluation service member of ICC-ES
b. Annotate to indicate application of each product submitted and compliance with
requirements.
3. Restrained-Isolation Devices: Include ratings for horizontal, vertical, and combined loads.
B. Delegated-Design Submittal: For vibration isolation and seismic-restraint details indicated to comply

with performance requirements and design criteria, including analysis data signed and sealed by the
qualified professional engineer responsible for their preparation.

1. Design Calculations: Calculate static and dynamic loading due to equipment weight and
operation, seismic forces required to select vibration isolators and seismic restraints.

a. Coordinate design calculations with wind-load calculations required for equipment
mounted outdoors. Comply with requirements in other Division 16 Sections for equipment
mounted outdoors.

2. Indicate materials and dimensions and identify hardware, including attachment and anchorage
devices.
3. Field-fabricated supports.
4. Seismic-Restraint Details:
a. Design Analysis: To support selection and arrangement of seismic restraints. Include
calculations of combined tensile and shear loads.
b. Details: Indicate fabrication and arrangement. Detail attachments of restraints to the

restrained items and to the structure. Show attachment locations, methods, and spacings.
Identify components, list their strengths, and indicate directions and values of forces
transmitted to the structure during seismic events. Indicate association with vibration
isolation devices.

C. Coordination Drawings: Show coordination of seismic bracing for electrical components with other
systems and equipment in the vicinity, including other supports and seismic restraints.

D. Welding certificates.

E. Field quality-control test reports.

1.6 QUALITY ASSURANCE

A. Comply with seismic-restraint requirements in the IBC unless requirements in this Section are more
stringent.

B. Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code -
Steel."

C. Seismic-restraint devices shall have horizontal and vertical load testing and analysis and shall bear
anchorage preapproval OPA number from OSHPD, preapproval by ICC-ES, or preapproval by another
agency acceptable to authorities having jurisdiction, showing maximum seismic-restraint ratings. Ratings
based on independent testing are preferred to ratings based on calculations. If preapproved ratings are not
available, submittals based on independent testing are preferred. Calculations (including combining shear
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and tensile loads) to support seismic-restraint designs must be signed and sealed by a qualified
professional engineer.

Comply with NFPA 70.

PART 2 - PRODUCTS

2.1 VIBRATION ISOLATORS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

1. Ace Mountings Co., Inc.

2. Amber/Booth Company, Inc.

3. California Dynamics Corporation.

4. Isolation Technology, Inc.

5. Kinetics Noise Control.

6. Mason Industries.

7. Vibration Eliminator Co., Inc.

8. Vibration Isolation.

9. Vibration Mountings & Controls, Inc.
2.2 SEISMIC-RESTRAINT DEVICES

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

1. Amber/Booth Company, Inc.

2. California Dynamics Corporation.

3. Cooper B-Line, Inc.; a division of Cooper Industries.
4. Hilti Inc.

5. Loos & Co.; Seismic Earthquake Division.

6. Mason Industries.

7. TOLCO Incorporated; a brand of NIBCO INC.

8. Unistrut; Tyco International, Ltd.

B. General Requirements for Restraint Components: Rated strengths, features, and application requirements
shall be as defined in reports by an evaluation service member of ICC-ES
1. Structural Safety Factor: Allowable strength in tension, shear, and pullout force of components

shall be at least four times the maximum seismic forces to which they will be subjected.

C. Channel Support System: MFMA-3, shop- or field-fabricated support assembly made of slotted steel
channels with accessories for attachment to braced component at one end and to building structure at the
other end and other matching components and with corrosion-resistant coating; and rated in tension,
compression, and torsion forces.

D. Restraint Cables: ASTM A 603 galvanized steel cables with end connections made of steel assemblies
with thimbles, brackets, swivels, and bolts designed for restraining cable service; and with a minimum of
two clamping bolts for cable engagement.

E. Hanger Rod Stiffener: Steel tube or steel slotted-support-system sleeve with internally bolted
connections to hanger rod. Do not weld stiffeners to rods.
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Bushings for Floor-Mounted Equipment Anchor: Neoprene bushings designed for rigid equipment
mountings, and matched to type and size of anchors and studs.

Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene elements and
steel sleeves designed for rigid equipment mountings, and matched to type and size of attachment
devices.

Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant neoprene, with a
flat washer face.

Mechanical Anchor: Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for interior
applications and stainless steel for exterior applications. Select anchors with strength required for anchor
and as tested according to ASTM E 488. Minimum length of eight times diameter.

Adhesive Anchor: Drilled-in and capsule anchor system containing polyvinyl or urethane methacrylate-
based resin and accelerator, or injected polymer or hybrid mortar adhesive. Provide anchor bolts and
hardware with zinc-coated steel for interior applications and stainless steel for exterior applications.
Select anchor bolts with strength required for anchor and as tested according to ASTM E 488.

FACTORY FINISHES
Finish: Manufacturer's standard prime-coat finish ready for field painting.

Finish: Manufacturer's standard paint applied to factory-assembled and -tested equipment before
shipping.

Powder coating on springs and housings.

All hardware shall be galvanized. Hot-dip galvanize metal components for exterior use.

Baked enamel or powder coat for metal components on isolators for interior use.

Color-code or otherwise mark vibration isolation and seismic-control devices to indicate capacity
range.

e S

PART 3 - EXECUTION

3.1 EXAMINATION
A. Examine areas and equipment to receive vibration isolation and seismic-control devices for compliance
with requirements for installation tolerances and other conditions affecting performance.
B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before
installation.
C. Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 APPLICATIONS
A. Multiple Raceways or Cables: Secure raceways and cables to trapeze member with clamps approved for
application by an evaluation service member of ICC-ES
B. Hanger Rod Stiffeners: Install hanger rod stiffeners where indicated or scheduled where required to
prevent buckling of hanger rods due to seismic forces.
DFCM PROJECT NO. 07199790 4 16074
UVSC CONCRETE STAIRS PROJECTS NOVEMBER 2007 VIBRATION AND SEISMIC CONTROLS FOR

ELECTRICAL SYSTEMS



33

34

3.5

B.

C.

Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select sizes of components
so strength will be adequate to carry present and future static and seismic loads within specified loading
limits.

SEISMIC-RESTRAINT DEVICE INSTALLATION
Equipment and Hanger Restraints:

1. Install restrained isolators on electrical equipment.
Install resilient, bolt-isolation washers on equipment anchor bolts where clearance between anchor
and adjacent surface exceeds 0.125 inch (3.2 mm).

3. Install seismic-restraint devices using methods approved by an evaluation service member of ICC-
ES providing required submittals for component.

Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide resilient
media where equipment or equipment-mounting channels are attached to wall.

Attachment to Structure: If specific attachment is not indicated, anchor bracing to structure at flanges of
beams, at upper truss chords of bar joists, or at concrete members.

Drilled-in Anchors:

1. Identify position of reinforcing steel and other embedded items prior to drilling holes for anchors.
Do not damage existing reinforcing or embedded items during coring or drilling. Notify the
structural engineer if reinforcing steel or other embedded items are encountered during drilling.
Locate and avoid prestressed tendons, electrical and telecommunications conduit, and gas lines.

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved full design
strength.

3. Wedge Anchors: Protect threads from damage during anchor installation. Heavy-duty sleeve
anchors shall be installed with sleeve fully engaged in the structural element to which anchor is to
be fastened.

4. Adhesive Anchors: Clean holes to remove loose material and drilling dust prior to installation of

adhesive. Place adhesive in holes proceeding from the bottom of the hole and progressing toward

the surface in such a manner as to avoid introduction of air pockets in the adhesive.

Set anchors to manufacturer's recommended torque, using a torque wrench.

6. Install zinc-coated steel anchors for interior and stainless-steel anchors for exterior applications.

b

ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION

Install flexible connections in runs of raceways, cables, wireways, cable trays, and busways where they
cross seismic joints, where adjacent sections or branches are supported by different structural elements,
and where they terminate with connection to equipment that is anchored to a different structural element
from the one supporting them as they approach equipment.

FIELD QUALITY CONTROL

Testing Agency: Engage a qualified testing agency to perform tests and inspections and prepare test
reports.

Perform tests and inspections.

Tests and Inspections:
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Provide evidence of recent calibration of test equipment by a testing agency acceptable to
authorities having jurisdiction.

Schedule test with Owner, through Architect, before connecting anchorage device to restrained
component (unless postconnection testing has been approved), and with at least seven days'
advance notice.

Obtain Architect's approval before transmitting test loads to structure. Provide temporary load-
spreading members.

Test at least four of each type and size of installed anchors and fasteners selected by Architect.
Test to 90 percent of rated proof load of device.

Measure isolator restraint clearance.

Measure isolator deflection.

Verify snubber minimum clearances.

If a device fails test, modify all installations of same type and retest until satisfactory results are
achieved.

Remove and replace malfunctioning units and retest as specified above.

Prepare test and inspection reports.

ADJUSTING

Adjust isolators after isolated equipment is at operating weight.

Adjust limit stops on restrained spring isolators to mount equipment at normal operating height. After
equipment installation is complete, adjust limit stops so they are out of contact during normal operation.

Adjust active height of spring isolators.

Adjust restraints to permit free movement of equipment within normal mode of operation.

END OF SECTION 16074
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GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY
A. This Section includes the following:

Identification for raceway and metal-clad cable.

Identification for conductors and communication and control cable.
Underground-line warning tape.

Warning labels and signs.

Instruction signs.

Equipment identification labels.

Miscellaneous identification products.

Nk L=

1.3 SUBMITTALS
A. Product Data: For each electrical identification product indicated.
1.4 QUALITY ASSURANCE

A. Comply with ANSI A13.1 and ANSI C2.
B. Comply with NFPA 70.

C.  Comply with 29 CFR 1910.145.

1.5 COORDINATION

A. Coordinate identification names, abbreviations, colors, and other features with requirements in the
Contract Documents, Shop Drawings, manufacturer's wiring diagrams, and the Operation and
Maintenance Manual, and with those required by codes, standards, and 29 CFR 1910.145. Use consistent
designations throughout Project.

B. Coordinate installation of identifying devices with completion of covering and painting of surfaces where
devices are to be applied.

C. Coordinate installation of identifying devices with location of access panels and doors.
D. Install identifying devices before installing acoustical ceilings and similar concealment.
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PART 2 - PRODUCTS

2.1 RACEWAY AND METAL-CLAD CABLE IDENTIFICATION MATERIALS

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field
for each raceway and cable size.

B. Color for Printed Legend:

1. Power Circuits: Black letters on an orange field.
2. Legend: Indicate system or service and voltage, if applicable.

C. Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and chemical-
resistant coating and matching wraparound adhesive tape for securing ends of legend label.

D. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeves, with diameter
sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.

E. Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeves, 2 inches
(50 mm) long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by
gripping action.

F. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; 2 inches (50 mm) wide;
compounded for outdoor use.

2.2 CONDUCTOR AND COMMUNICATION- AND CONTROL-CABLE IDENTIFICATION
MATERIALS

A. Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils (0.08 mm) thick by
1 to 2 inches (25 to 50 mm) wide.

B. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend
machine printed by thermal transfer or equivalent process.

C. Aluminum Wraparound Marker Labels: Cut from 0.014-inch- (0.35-mm-) thick aluminum sheet, with
stamped, embossed, or scribed legend, and fitted with tabs and matching slots for permanently securing

around wire or cable jacket or around groups of conductors.

D. Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch (50 by 50 by 1.3 mm), with stamped legend,
punched for use with self-locking nylon tie fastener.

E. Write-On Tags: Polyester tag, 0.010 inch (0.25 mm) thick, with corrosion-resistant grommet and
polyester or nylon tie for attachment to conductor or cable.

1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag manufacturer.

2.3 UNDERGROUND-LINE WARNING TAPE
A. Description: Permanent, bright-colored, continuous-printed, polyethylene tape.

1. Not less than 6 inches (150 mm) wide by 4 mils (0.102 mm) thick.

2. Compounded for permanent direct-burial service.
3. Embedded continuous metallic strip or core.
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4. Printed legend shall indicate type of underground line.

24 WARNING LABELS AND SIGNS
A. Comply with NFPA 70 and 29 CFR 1910.145.

B. Self-Adhesive Warning Labels:  Factory printed, multicolor, pressure-sensitive adhesive labels,
configured for display on front cover, door, or other access to equipment, unless otherwise indicated.

C. Baked-Enamel Warning Signs: Preprinted aluminum signs, punched or drilled for fasteners, with colors,
legend, and size required for application. 1/4-inch (6.4-mm) grommets in corners for mounting. Nominal
size, 7 by 10 inches (180 by 250 mm).

D. Metal-Backed, Butyrate Warning Signs: Weather-resistant, nonfading, preprinted, cellulose-acetate
butyrate signs with 0.0396-inch (1-mm) galvanized-steel backing; and with colors, legend, and size
required for application. 1/4-inch (6.4-mm) grommets in corners for mounting. Nominal size, 10 by 14
inches (250 by 360 mm).

E. Warning label and sign shall include, but are not limited to, the following legends:

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD -
EQUIPMENT HAS MULTIPLE POWER SOURCES."

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT OF
ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES (915 MM)."

2.5 INSTRUCTION SIGNS

A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch (1.6 mm) thick for signs up to 20
sq. in. (129 sq. cm) and 1/8 inch (3.2 mm) thick for larger sizes.

1. Engraved legend with black letters on white face
2. Punched or drilled for mechanical fasteners.
3. Framed with mitered acrylic molding and arranged for attachment at applicable equipment.

2.6 EQUIPMENT IDENTIFICATION LABELS

A. Adhesive Film Label: Machine printed, in black, by thermal transfer or equivalent process. Minimum
letter height shall be 3/8 inch (10 mm).

B. Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal transfer or
equivalent process. Minimum letter height shall be 3/8 inch (10 mm). Overlay shall provide a
weatherproof and ultraviolet-resistant seal for label.

C. Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label: Adhesive backed, with white letters on
a dark-gray background. Minimum letter height shall be 3/8 inch (10 mm).

D. Engraved, Laminated Acrylic or Melamine Label: Punched or drilled for screw mounting. White letters
on a dark-gray background. Minimum letter height shall be 3/8 inch (10 mm).

E. Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height shall be 1 inch
(25 mm)
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2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS

A. Cable Ties: Fungus-inert, self-extinguishing, 1-piece, self-locking, Type 6/6 nylon cable ties.

1. Minimum Width: 3/16 inch (5 mm).
2. Tensile Strength: 50 1b (22.6 kg), minimum.
3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).
4. Color: Black, except where used for color-coding.
B. Paint: Paint materials and application requirements are specified in Division 9 painting Sections.
1. Exterior Concrete, Stucco, and Masonry (Other Than Concrete Unit Masonry):
a. Semigloss Acrylic-Enamel Finish: Two finish coat(s) over a primer.
1) Primer: Exterior concrete and masonry primer.
2) Finish Coats: Exterior semigloss acrylic enamel.
2. Exterior Concrete Unit Masonry:
a. Semigloss Acrylic-Enamel Finish: Two finish coat(s) over a block filler.
1) Block Filler: Concrete unit masonry block filler.
2) Finish Coats: Exterior semigloss acrylic enamel.
3. Exterior Ferrous Metal:
a. Semigloss Alkyd-Enamel Finish: Two finish coat(s) over a primer.
1) Primer: Exterior ferrous-metal primer.
2) Finish Coats: Exterior semigloss alkyd enamel.
4. Exterior Zinc-Coated Metal (except Raceways):
a. Semigloss Alkyd-Enamel Finish: Two finish coat(s) over a primer.
1) Primer: Exterior zinc-coated metal primer.
2) Finish Coats: Exterior semigloss alkyd enamel.
5. Interior Concrete and Masonry (Other Than Concrete Unit Masonry):
a. Semigloss Alkyd-Enamel Finish: Two finish coat(s) over a primer.
1) Primer: Interior concrete and masonry primer.
2) Finish Coats: Interior semigloss alkyd enamel.
6. Interior Concrete Unit Masonry:
a. Semigloss Acrylic-Enamel Finish: Two > finish coat(s) over a block filler.
1) Block Filler: Concrete unit masonry block filler.
2) Finish Coats: Interior semigloss acrylic enamel.
7. Interior Gypsum Board:
a. Semigloss Acrylic-Enamel Finish: Two finish coat(s) over a primer.
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8.

9.

1) Primer: Interior gypsum board primer.
2) Finish Coats: Interior semigloss acrylic enamel.

Interior Ferrous Metal:

a. Semigloss Acrylic-Enamel Finish: Two finish coat(s) over a primer.
1) Primer: Interior ferrous-metal primer.
2) Finish Coats: Interior semigloss acrylic enamel.

Interior Zinc-Coated Metal (except Raceways):

a. Semigloss Acrylic-Enamel Finish: Two finish coat(s) over a primer.
1) Primer: Interior zinc-coated metal primer.
2) Finish Coats: Interior semigloss acrylic enamel.

Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine screws
with nuts and flat and lock washers.

PART 3 - EXECUTION

3.1

APPLICATION

Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch Circuits
More Than 30 A Identify with orange self-adhesive vinyl labe

Accessible Raceways and Cables of Auxiliary Systems: Identify the following systems with color-coded,
self-adhesive vinyl tape applied in bands

Nk L=

Fire Alarm System: Red.

Fire-Suppression Supervisory and Control System: Red and yellow.
Combined Fire Alarm and Security System: Red and blue.

Security System: Blue and yellow.

Mechanical and Electrical Supervisory System: Green and blue.
Telecommunication System: Green and yellow.

Control Wiring: Green and red.

Power-Circuit Conductor Identification: For primary and secondary conductors No. 1/0AWG and larger
in vaults, pull and junction boxes, manholes, and handholes use color-coding conductor tape Identify
source and circuit number of each set of conductors. For single conductor cables, identify phase in
addition to the above.

Branch-Circuit Conductor Identification: Where there are conductors for more than three branch circuits
in same junction or pull box, use color-coding conductor tape. Identify each ungrounded conductor
according to source and circuit number.

Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, signal,
sound, intercommunications, voice, and data connections.

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull
points. Identify by system and circuit designation.
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2. Use system of marker tape designations that is uniform and consistent with system used by
manufacturer for factory-installed connections.

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and Operation
and Maintenance Manual.

F. Locations of Underground Lines: Identify with underground-line warning tape for power, lighting,
communication, and control wiring and optical fiber cable. Install underground-line warning tape for both
direct-buried cables and cables in raceway.

G. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Comply with
29 CFR 1910.145 and apply self-adhesive warning labels. Identify system voltage with black letters on
an orange background. Apply to exterior of door, cover, or other access.

1. Equipment with Multiple Power or Control Sources: Apply to door or cover of equipment
including, but not limited to, the following:

a. Power transfer switches.
b. Controls with external control power connections.

2. Equipment Requiring Workspace Clearance According to NFPA 70: Unless otherwise indicated,
apply to door or cover of equipment but not on flush panelboards and similar equipment in
finished spaces.

H. Equipment Identification Labels: On each unit of equipment, install unique designation label that is
consistent with wiring diagrams, schedules, and Operation and Maintenance Manual. Apply labels to
disconnect switches and protection equipment, central or master units, control panels, control stations,
terminal cabinets, and racks of each system. Systems include power, lighting, control, communication,
signal, monitoring, and alarm systems unless equipment is provided with its own identification.

1. Labeling Instructions:

a. Indoor Equipment: Adhesive film label Unless otherwise indicated, provide a single line
of text with 1/2-inch- (13-mm-) high letters on 1-1/2-inch- (38-mm-) high label; where 2
lines of text are required, use labels 2 inches (50 mm) high.

Outdoor Equipment: Engraved, laminated acrylic or melamine label.

c. Elevated Components: Increase sizes of labels and letters to those appropriate for viewing

from the floor.

2. Equipment to Be Labeled:

Panelboards, electrical cabinets, and enclosures.
Access doors and panels for concealed electrical items.
Electrical switchgear and switchboards.

Transformers.

Electrical substations.

Emergency system boxes and enclosures.
Motor-control centers.

Disconnect switches.

Enclosed circuit breakers.

Motor starters.

Push-button stations.

Power transfer equipment.

Contactors.

Remote-controlled switches, dimmer modules, and control devices.
Battery inverter units.

Battery racks.

ToBECOAT IR mOAS TR
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q. Power-generating units.
I. Voice and data cable terminal equipment.
S. Master clock and program equipment.
t. Intercommunication and call system master and staff stations.
u. Television/audio components, racks, and controls.
v. Fire-alarm control panel and annunciators.
w. Security and intrusion-detection control stations, control panels, terminal cabinets, and
racks.
X. Monitoring and control equipment.
y. Uninterruptible power supply equipment.
Z. Terminals, racks, and patch panels for voice and data communication and for signal and
control functions.
32 INSTALLATION
A. Verify identity of each item before installing identification products.
B. Location: Install identification materials and devices at locations for most convenient viewing without

interference with operation and maintenance of equipment.
C. Apply identification devices to surfaces that require finish after completing finish work.

D. Self-Adhesive Identification Products: Clean surfaces before application, using materials and methods
recommended by manufacturer of identification device.

E. Attach nonadhesive signs and plastic labels with screws and auxiliary hardware appropriate to the
location and substrate.

F. System Identification Color Banding for Raceways and Cables: Each color band shall completely
encircle cable or conduit. Place adjacent bands of two-color markings in contact, side by side. Locate
bands at changes in direction, at penetrations of walls and floors, at 50-foot (15-m) maximum intervals in
straight runs, and at 25-foot (7.6-m) maximum intervals in congested areas.

G. Color-Coding for Phase and Voltage Level Identification, 600 V and Less: Use the colors listed below
for ungrounded service, feeder, and branch-circuit conductors.

1. Color shall be factory applied or, for sizes larger than No. 10 AWG if authorities having
jurisdiction permit, field applied
2. Colors for 208/120-V Circuits:

a. Phase A: Black.
b. Phase B: Red.
c. Phase C: Blue.

3. Colors for 480/277-V Circuits:

a. Phase A: Brown.
b. Phase B: Orange.
C. Phase C: Yellow.

4. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum distance
of 6 inches (150 mm) from terminal points and in boxes where splices or taps are made. Apply
last two turns of tape with no tension to prevent possible unwinding. Locate bands to avoid
obscuring factory cable markings.
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H. Aluminum Wraparound Marker Labels and Metal Tags: Secure tight to surface of conductor or cable at a
location with high visibility and accessibility.

L Underground-Line Warning Tape: During backfilling of trenches install continuous underground-line
warning tape directly above line at 6 to 8 inches (150 to 200 mm) below finished grade. Use multiple

tapes where width of multiple lines installed in a common trench exceeds 16 inches (400 mm) overall.

. Painted Identification: Prepare surface and apply paint according to Division 9 painting Sections.

END OF SECTION 16075
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SECTION 16120- CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1

1.2

1.3

1.4

1.5

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes the following:

1. Building wires and cables rated 600 V and less.

2. Connectors, splices, and terminations rated 600 V and less.

3. Sleeves and sleeve seals for cables.

Related Sections include the following:

1. Division 16 Section "Voice and Data Communication Cabling" for cabling used for voice and data
circuits.

2. Division 16 Section "Undercarpet Cables" for flat cables for undercarpet installations.

3. Division 16 Section "Medium-Voltage Cables" for single-conductor and multiconductor cables,

cable splices, and terminations for electrical distribution systems with 2001 to 35,000 V.

DEFINITIONS
EPDM: Ethylene-propylene-diene terpolymer rubber.

NBR: Acrylonitrile-butadiene rubber.

SUBMITTALS
Product Data: For each type of product indicated.
Qualification Data: For testing agency.

Field quality-control test reports.

QUALITY ASSURANCE
Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended

use.

Comply with NFPA 70.
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1.6 COORDINATION

A. Set sleeves in cast-in-place concrete, masonry walls, and other structural components as they are
constructed.

PART 2 - PRODUCTS

2.1 CONDUCTORS AND CABLES
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

1. Alcan Products Corporation; Alcan Cable Division.
2. American Insulated Wire Corp.; a Leviton Company.
3. General Cable Corporation.
4. Senator Wire & Cable Company.
5. Southwire Company.
6.

B. Copper Conductors: Comply with NEMA WC 70.

C. Conductor Insulation: Comply with NEMA WC 70 for Types THHN-THWN

2.2 CONNECTORS AND SPLICES
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
1. AFC Cable Systems, Inc.
2. Hubbell Power Systems, Inc.
3. 0-Z/Gedney; EGS Electrical Group LLC.
4, 3M; Electrical Products Division.
5. Tyco Electronics Corp.

B. Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type, and class
for application and service indicated.
2.3 SLEEVES FOR CABLES
A. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.

B. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain
ends and integral waterstop, unless otherwise indicated.

C. Sleeves for Rectangular Openings: Galvanized sheet steel with minimum 0.052- or 0.138-inch (1.3- or
3.5-mm) thickness as indicated and of length to suit application.

D. Coordinate sleeve selection and application with selection and application of firestopping specified in
Division 7 Section "Through-Penetration Firestop Systems."

24 SLEEVE SEALS
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
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Advance Products & Systems, Inc.
Calpico, Inc.

Metraflex Co.

Pipeline Seal and Insulator, Inc.
<Insert manufacturer's name.>

AR S

PART 3 - EXECUTION

3.1

32

33

CONDUCTOR MATERIAL APPLICATIONS

Feeders: Copper for feeders smaller than No. 4 AWG; copper or aluminum for panel feeders No. 4 AWG
and larger]. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING
METHODS

Service Entrance: Type THHN-THWN, single conductors in raceway

Exposed Feeders: Type THHN-THWN, single conductors in raceway

Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN-THWN, single
conductors in raceway

Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type THHN-THWN, single
conductors in raceway

Feeders Installed below Raised Flooring: Type THHN-THWN, single conductors in raceway
Exposed Branch Circuits, Including in Crawlspaces: Type THHN-THWN, single conductors in raceway

Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN-THWN, single conductors in
raceway or Metal-clad cable- Type MC as indicated on the drawings

Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: Type THHN-THWN,
single conductors in raceway

Branch Circuits Installed below Raised Flooring: Type THHN-THWN, single conductors in raceway

Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless-steel, wire-
mesh, strain relief device at terminations to suit application.

Class 1 Control Circuits: Type THHN-THWN, in raceway.

INSTALLATION OF CONDUCTORS AND CABLES
Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated.
Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not

deteriorate conductor or insulation. Do not exceed manufacturer's recommended maximum pulling
tensions and sidewall pressure values.
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Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not
damage cables or raceway.

D. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow
surface contours where possible.
E. Support cables according to Division 16 Section "Electrical Supports and Seismic Restraints."
F. Identify and color-code conductors and cables according to Division 16 Section "Electrical
Identification.”
34 CONNECTIONS
A. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening
values. If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.
B. Make splices and taps that are compatible with conductor material and that possess equivalent or better
mechanical strength and insulation ratings than unspliced conductors.
C. Wiring at Outlets: Install conductor at each outlet, with at least [6 inches (150 mm)] [12 inches (300
mm)] of slack.
35 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS
A. Coordinate sleeve selection and application with selection and application of firestopping specified in
Division 7 Section "Through-Penetration Firestop Systems."
B. Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed openings
are used. Install sleeves during erection of slabs and walls.
C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
D. Rectangular Sleeve Minimum Metal Thickness:
1. For sleeve rectangle perimeter less than 50 inches (1270 mm) and no side greater than 16 inches
(400 mm), thickness shall be 0.052 inch (1.3 mm).
2. For sleeve rectangle perimeter equal to, or greater than, 50 inches (1270 mm) and 1 or more sides
equal to, or greater than, 16 inches (400 mm), thickness shall be 0.138 inch (3.5 mm).
E. Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies unless
openings compatible with firestop system used are fabricated during construction of floor or wall.
F. Cut sleeves to length for mounting flush with both wall surfaces.
G. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.
H. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and cable unless
sleeve seal is to be installed
L Seal space outside of sleeves with grout for penetrations of concrete and masonry and with approved joint
compound for gypsum board assemblies
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3.6

3.7

3.8

Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve and cable,
using joint sealant appropriate for size, depth, and location of joint according to Division 7 Section "Joint
Sealants."

Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors
at cable penetrations. Install sleeves and seal with firestop materials according to Division 7 Section

"Through-Penetration Firestop Systems."

Roof-Penetration Sleeves: Seal penetration of individual cables with flexible boot-type flashing units
applied in coordination with roofing work.

Aboveground Exterior-Wall Penetrations: Seal penetrations using sleeves and mechanical sleeve seals.
Size sleeves to allow for l-inch (25-mm) annular clear space between pipe and sleeve for installing
mechanical sleeve seals.

Underground Exterior-Wall Penetrations: Install cast-iron "wall pipes" for sleeves. Size sleeves to allow
for I-inch (25-mm) annular clear space between cable and sleeve for installing mechanical sleeve seals.
SLEEVE-SEAL INSTALLATION

Install to seal underground exterior-wall penetrations.

Use type and number of sealing elements recommended by manufacturer for cable material and size.
Position cable in center of sleeve. Assemble mechanical sleeve seals and install in annular space between
cable and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make
watertight seal.

FIRESTOPPING

Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original
fire-resistance rating of assembly according to Division 7 Section "Through-Penetration Firestop
Systems."

FIELD QUALITY CONTROL

Testing Agency: Engage a qualified testing agency to perform tests and inspections and prepare test
reports.

Perform tests and inspections and prepare test reports.
Tests and Inspections:

1. After installing conductors and cables and before electrical circuitry has been energized,
test service entrance and feeder conductors, and conductors feeding the following critical
equipment and services for compliance with requirements.

2. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance
Testing Specification. Certify compliance with test parameters.

Test Reports: Prepare a written report to record the following:

1. Test procedures used.
2. Test results that comply with requirements.
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3. Test results that do not comply with requirements and corrective action taken to achieve
compliance with requirements.

E. Remove and replace malfunctioning units and retest as specified above.

END OF SECTION 16120
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SECTION 16120- CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1

1.2

1.3

1.4

1.5

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes the following:

1. Building wires and cables rated 600 V and less.

2. Connectors, splices, and terminations rated 600 V and less.

3. Sleeves and sleeve seals for cables.

Related Sections include the following:

1. Division 16 Section "Voice and Data Communication Cabling" for cabling used for voice and data
circuits.

2. Division 16 Section "Undercarpet Cables" for flat cables for undercarpet installations.

3. Division 16 Section "Medium-Voltage Cables" for single-conductor and multiconductor cables,

cable splices, and terminations for electrical distribution systems with 2001 to 35,000 V.

DEFINITIONS
EPDM: Ethylene-propylene-diene terpolymer rubber.

NBR: Acrylonitrile-butadiene rubber.

SUBMITTALS
Product Data: For each type of product indicated.
Qualification Data: For testing agency.

Field quality-control test reports.

QUALITY ASSURANCE
Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended

use.

Comply with NFPA 70.
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1.6 COORDINATION

A. Set sleeves in cast-in-place concrete, masonry walls, and other structural components as they are
constructed.

PART 2 - PRODUCTS

2.1 CONDUCTORS AND CABLES
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

1. Alcan Products Corporation; Alcan Cable Division.
2. American Insulated Wire Corp.; a Leviton Company.
3. General Cable Corporation.
4. Senator Wire & Cable Company.
5. Southwire Company.
6.

B. Copper Conductors: Comply with NEMA WC 70.

C. Conductor Insulation: Comply with NEMA WC 70 for Types THHN-THWN

2.2 CONNECTORS AND SPLICES
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
1. AFC Cable Systems, Inc.
2. Hubbell Power Systems, Inc.
3. 0-Z/Gedney; EGS Electrical Group LLC.
4, 3M; Electrical Products Division.
5. Tyco Electronics Corp.

B. Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type, and class
for application and service indicated.
2.3 SLEEVES FOR CABLES
A. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.

B. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain
ends and integral waterstop, unless otherwise indicated.

C. Sleeves for Rectangular Openings: Galvanized sheet steel with minimum 0.052- or 0.138-inch (1.3- or
3.5-mm) thickness as indicated and of length to suit application.

D. Coordinate sleeve selection and application with selection and application of firestopping specified in
Division 7 Section "Through-Penetration Firestop Systems."

24 SLEEVE SEALS
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
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Advance Products & Systems, Inc.
Calpico, Inc.

Metraflex Co.

Pipeline Seal and Insulator, Inc.
<Insert manufacturer's name.>

AR S

PART 3 - EXECUTION

3.1

32

33

CONDUCTOR MATERIAL APPLICATIONS

Feeders: Copper for feeders smaller than No. 4 AWG; copper or aluminum for panel feeders No. 4 AWG
and larger]. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING
METHODS

Service Entrance: Type THHN-THWN, single conductors in raceway

Exposed Feeders: Type THHN-THWN, single conductors in raceway

Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN-THWN, single
conductors in raceway

Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type THHN-THWN, single
conductors in raceway

Feeders Installed below Raised Flooring: Type THHN-THWN, single conductors in raceway
Exposed Branch Circuits, Including in Crawlspaces: Type THHN-THWN, single conductors in raceway

Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN-THWN, single conductors in
raceway or Metal-clad cable- Type MC as indicated on the drawings

Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: Type THHN-THWN,
single conductors in raceway

Branch Circuits Installed below Raised Flooring: Type THHN-THWN, single conductors in raceway

Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless-steel, wire-
mesh, strain relief device at terminations to suit application.

Class 1 Control Circuits: Type THHN-THWN, in raceway.

INSTALLATION OF CONDUCTORS AND CABLES
Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated.
Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not

deteriorate conductor or insulation. Do not exceed manufacturer's recommended maximum pulling
tensions and sidewall pressure values.
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Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not
damage cables or raceway.

D. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow
surface contours where possible.
E. Support cables according to Division 16 Section "Electrical Supports and Seismic Restraints."
F. Identify and color-code conductors and cables according to Division 16 Section "Electrical
Identification.”
34 CONNECTIONS
A. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening
values. If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.
B. Make splices and taps that are compatible with conductor material and that possess equivalent or better
mechanical strength and insulation ratings than unspliced conductors.
C. Wiring at Outlets: Install conductor at each outlet, with at least [6 inches (150 mm)] [12 inches (300
mm)] of slack.
35 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS
A. Coordinate sleeve selection and application with selection and application of firestopping specified in
Division 7 Section "Through-Penetration Firestop Systems."
B. Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed openings
are used. Install sleeves during erection of slabs and walls.
C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
D. Rectangular Sleeve Minimum Metal Thickness:
1. For sleeve rectangle perimeter less than 50 inches (1270 mm) and no side greater than 16 inches
(400 mm), thickness shall be 0.052 inch (1.3 mm).
2. For sleeve rectangle perimeter equal to, or greater than, 50 inches (1270 mm) and 1 or more sides
equal to, or greater than, 16 inches (400 mm), thickness shall be 0.138 inch (3.5 mm).
E. Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies unless
openings compatible with firestop system used are fabricated during construction of floor or wall.
F. Cut sleeves to length for mounting flush with both wall surfaces.
G. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.
H. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and cable unless
sleeve seal is to be installed
L Seal space outside of sleeves with grout for penetrations of concrete and masonry and with approved joint
compound for gypsum board assemblies
DFCM PROJECT NO. 07199790 4
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3.6

3.7

3.8

Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve and cable,
using joint sealant appropriate for size, depth, and location of joint according to Division 7 Section "Joint
Sealants."

Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors
at cable penetrations. Install sleeves and seal with firestop materials according to Division 7 Section

"Through-Penetration Firestop Systems."

Roof-Penetration Sleeves: Seal penetration of individual cables with flexible boot-type flashing units
applied in coordination with roofing work.

Aboveground Exterior-Wall Penetrations: Seal penetrations using sleeves and mechanical sleeve seals.
Size sleeves to allow for l-inch (25-mm) annular clear space between pipe and sleeve for installing
mechanical sleeve seals.

Underground Exterior-Wall Penetrations: Install cast-iron "wall pipes" for sleeves. Size sleeves to allow
for I-inch (25-mm) annular clear space between cable and sleeve for installing mechanical sleeve seals.
SLEEVE-SEAL INSTALLATION

Install to seal underground exterior-wall penetrations.

Use type and number of sealing elements recommended by manufacturer for cable material and size.
Position cable in center of sleeve. Assemble mechanical sleeve seals and install in annular space between
cable and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make
watertight seal.

FIRESTOPPING

Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original
fire-resistance rating of assembly according to Division 7 Section "Through-Penetration Firestop
Systems."

FIELD QUALITY CONTROL

Testing Agency: Engage a qualified testing agency to perform tests and inspections and prepare test
reports.

Perform tests and inspections and prepare test reports.
Tests and Inspections:

1. After installing conductors and cables and before electrical circuitry has been energized,
test service entrance and feeder conductors, and conductors feeding the following critical
equipment and services for compliance with requirements.

2. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance
Testing Specification. Certify compliance with test parameters.

Test Reports: Prepare a written report to record the following:

1. Test procedures used.
2. Test results that comply with requirements.
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3. Test results that do not comply with requirements and corrective action taken to achieve
compliance with requirements.

E. Remove and replace malfunctioning units and retest as specified above.

END OF SECTION 16120
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PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY
A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.
B. Related Sections include the following:
1. Division 2 Section "Underground Ducts and Utility Structures" for exterior ductbanks, manholes,

and underground utility construction.

1.3 DEFINITIONS
A. EMT: Electrical metallic tubing.
B. ENT: Electrical nonmetallic tubing.
C. EPDM: Ethylene-propylene-diene terpolymer rubber.

D. FMC: Flexible metal conduit.

E. IMC: Intermediate metal conduit.
F. LFMC: Liquidtight flexible metal conduit.
G. LENC: Liquidtight flexible nonmetallic conduit.
H. NBR: Acrylonitrile-butadiene rubber.
L RNC: Rigid nonmetallic conduit.
1.4 SUBMITTALS
A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, and
cabinets.
B. Shop Drawings: For the following raceway components. Include plans, elevations, sections, details, and
attachments to other work.
1. Custom enclosures and cabinets.
2. For handholes and boxes for underground wiring, including the following:
a. Duct entry provisions, including locations and duct sizes.
b. Frame and cover design.
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1.5

c. Grounding details.
d. Dimensioned locations of cable rack inserts, and pulling-in and lifting irons.
e. Joint details.

Coordination Drawings: Conduit routing plans, drawn to scale, on which the following items are shown
and coordinated with each other, based on input from installers of the items involved:

1. Structural members in the paths of conduit groups with common supports.
2. HVAC and plumbing items and architectural features in the paths of conduit groups with common
supports.

Manufacturer Seismic Qualification Certification: Submit certification that enclosures and cabinets and
their mounting provisions, including those for internal components, will withstand seismic forces defined
in Division 16 Section "Electrical Supports and Seismic Restraints."” Include the following:

1. Basis for Certification: Indicate whether withstand certification is based on actual test of
assembled components or on calculation.

a. The term "withstand" means "the cabinet or enclosure will remain in place without
separation of any parts when subjected to the seismic forces specified and the unit will
retain its enclosure characteristics, including its interior accessibility, after the seismic

event
2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and
describe mounting and anchorage provisions.
3. Detailed description of equipment anchorage devices on which the certification is based and their

installation requirements.
Qualification Data: For professional engineer and testing agency.

Source quality-control test reports.

QUALITY ASSURANCE

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended
use.

Comply with NFPA 70.

PART 2 - PRODUCTS

2.1

METAL CONDUIT AND TUBING

Manufacturers: Subject to compliance with requirements, provide products by one of the following:

1. AFC Cable Systems, Inc.
2. Alflex Inc.
3. Allied Tube & Conduit; a Tyco International Ltd. Co.
4. Anamet Electrical, Inc.; Anaconda Metal Hose.
5. Electri-Flex Co.
6. Manhattan/CDT/Cole-Flex.
7. Maverick Tube Corporation.
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2.2

T

T Q

—

C.

D.

8.
9.

0O-Z Gedney; a unit of General Signal.
Wheatland Tube Company.

Rigid Steel Conduit: ANSI C80.1.

Aluminum Rigid Conduit: ANSI C80.5.

IMC: ANSI C80.6.

PVC-Coated Steel Conduit: PVC-coated

1.
2.

Comply with NEMA RN 1.
Coating Thickness: 0.040 inch (I mm), minimum.

EMT: ANSI C80.3.

FMC:

LFMC: Flexible steel conduit with PVC jacket.

Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable: NEMA FB 1;
listed for type and size raceway with which used, and for application and environment in which installed.

1.

3.

Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886.

Fittings for EMT: set-screw type.

Coating for Fittings for PVC-Coated Conduit: Minimum thickness, 0.040 inch (I mm), with
overlapping sleeves protecting threaded joints.

Joint Compound for Rigid Steel Conduit or IMC: Listed for use in cable connector assemblies, and
compounded for use to lubricate and protect threaded raceway joints from corrosion and enhance their
conductivity.

NONMETALLIC CONDUIT AND TUBING

Manufacturers: Subject to compliance with requirements, provide products by one of the following:

O N LA

10.
11.
12.

AFC Cable Systems, Inc.

Anamet Electrical, Inc.; Anaconda Metal Hose.
Arnco Corporation.

CANTEX Inc.

CertainTeed Corp.; Pipe & Plastics Group.
Condux International, Inc.

ElecSYS, Inc.

Electri-Flex Co.

Lamson & Sessions; Carlon Electrical Products.
Manhattan/CDT/Cole-Flex.

RACO; a Hubbell Company.

Thomas & Betts Corporation.

ENT: NEMA TC 13.

RNC: NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated.

LENC: UL 1660.
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2.3

24

2.5

Fittings for ENT and RNC: NEMA TC 3; match to conduit or tubing type and material.

Fittings for LFNC: UL 514B.

METAL WIREWAYS

Manufacturers: Subject to compliance with requirements, provide products by one of the following:
1. Cooper B-Line, Inc.

2. Hoffman.

3. Square D; Schneider Electric.

Description: Sheet metal sized and shaped as indicated, NEMA 250, Type [1] [12] [3R], unless otherwise
indicated.

Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, adapters, hold-down
straps, end caps, and other fittings to match and mate with wireways as required for complete system.

Wireway Covers: Hinged type

Finish: Manufacturer's standard enamel finish.

NONMETALLIC WIREWAYS
Manufacturers: Subject to compliance with requirements, provide products by one of the following:

1. Hoffman.
2. Lamson & Sessions; Carlon Electrical Products.

Description: Fiberglass polyester, extruded and fabricated to size and shape indicated, with no holes or
knockouts. Cover is gasketed with oil-resistant gasket material and fastened with captive screws treated
for corrosion resistance. Connections are flanged, with stainless-steel screws and oil-resistant gaskets.

Description: PVC plastic, extruded and fabricated to size and shape indicated, with snap-on cover and
mechanically coupled connections with plastic fasteners.

Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, adapters, hold-down
straps, end caps, and other fittings to match and mate with wireways as required for complete system.

SURFACE RACEWAYS

Surface Metal Raceways: Galvanized steel with snap-on covers. Manufacturer's standard enamel finish

in color selected by Architect

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:

a. Thomas & Betts Corporation.
b. Walker Systems, Inc.; Wiremold Company (The).
c. Wiremold Company (The); Electrical Sales Division.

Surface Nonmetallic Raceways: Two-piece construction, manufactured of rigid PVC with texture and
color selected by Architect from manufacturer's standard colors.
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2.6

2.7

1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

2. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:
a. Butler Manufacturing Company; Walker Division.
b. Enduro Systems, Inc.; Composite Products Division.
c. Hubbell Incorporated; Wiring Device-Kellems Division.
d. Lamson & Sessions; Carlon Electrical Products.
e. Panduit Corp.
f. Walker Systems, Inc.; Wiremold Company (The).
g. Wiremold Company (The); Electrical Sales Division.

BOXES, ENCLOSURES, AND CABINETS
Manufacturers: Subject to compliance with requirements, provide products by one of the following:

Cooper Crouse-Hinds; Div. of Cooper Industries, Inc.
EGS/Appleton Electric.

Erickson Electrical Equipment Company.

Hoffman.

Hubbell Incorporated; Killark Electric Manufacturing Co. Division.
0-Z/Gedney; a unit of General Signal.

RACO; a Hubbell Company.

Robroy Industries, Inc.; Enclosure Division.

. Scott Fetzer Co.; Adalet Division.

10.  Spring City Electrical Manufacturing Company.

11.  Thomas & Betts Corporation.

12. Walker Systems, Inc.; Wiremold Company (The).

13. Woodhead, Daniel Company; Woodhead Industries, Inc. Subsidiary.

VPN LR W~

Sheet Metal Outlet and Device Boxes: NEMA OS 1.

Cast-Metal Outlet and Device Boxes: NEMA FB 1, aluminum, Type FD, with gasketed cover.
Nonmetallic Outlet and Device Boxes: NEMA OS 2.

Metal Floor Boxes: semi-adjustable, rectangular.

Nonmetallic Floor Boxes: Nonadjustable, round.

Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

Cast-Metal Access, Pull, and Junction Boxes: NEMA FB 1, cast aluminum with gasketed cover.

SLEEVES FOR RACEWAYS
Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.

Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain
ends and integral waterstop, unless otherwise indicated.
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2.8

2.9

Sleeves for Rectangular Openings: Galvanized sheet steel with minimum 0.052- or 0.138-inch (1.3- or
3.5-mm) thickness as indicated and of length to suit application.

Coordinate sleeve selection and application with selection and application of firestopping specified in
Division 7 Section "Through-Penetration Firestop Systems."

SLEEVE SEALS

Manufacturers: Subject to compliance with requirements, provide products by one of the following:
Advance Products & Systems, Inc.

Calpico, Inc.

Metraflex Co.
Pipeline Seal and Insulator, Inc.

S

SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES

Handhole and Pull-Box Prototype Test: Test prototypes of handholes and boxes for compliance with

SCTE 77. Strength tests shall be for specified tier ratings of products supplied.

1. Testing machine pressure gages shall have current calibration certification complying with
ISO 9000 and ISO 10012, and traceable to NIST standards.

PART 3 - EXECUTION

3.1

RACEWAY APPLICATION
Outdoors: Apply raceway products as specified below, unless otherwise indicated:

Exposed Conduit: Rigid steel conduit.

Concealed Conduit, Aboveground: Rigid steel conduit

Underground Conduit: RNC, Type EPC-40PVC, direct buried.

Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric
Solenoid, or Motor-Driven Equipment): LFMC

Boxes and Enclosures, Aboveground: NEMA 250, Type 3R

Application of Handholes and Boxes for Underground Wiring:

S

oW

a. Handholes and Pull Boxes in Driveway, Parking Lot, and Off-Roadway Locations, Subject
to Occasional, Nondeliberate Loading by Heavy Vehicles: Fiberglass enclosures with
polymer-concrete frame and cover, SCTE 77, Tier 15 structural load rating.

b. Handholes and Pull Boxes in Sidewalk and Similar Applications with a Safety Factor for
Nondeliberate Loading by Vehicles: Heavy-duty fiberglass units with polymer-concrete
frame and cover, SCTE 77, Tier 8 structural load rating.

c. Handholes and Pull Boxes Subject to Light-Duty Pedestrian Traffic Only: Fiberglass-
reinforced polyester resin, structurally tested according to SCTE 77 with 3000-1bf (13 345-
N) vertical loading.

Comply with the following indoor applications, unless otherwise indicated:

1. Exposed, Not Subject to Physical Damage: EMT
Exposed, Not Subject to Severe Physical Damage: EMT

3. Exposed and Subject to Severe Physical Damage: Rigid steel conduit Includes raceways in the
following locations:
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a. Loading dock.

b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
c. Mechanical rooms.
4. Concealed in Ceilings and Interior Walls and Partitions: EMT
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric

Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet locations.

Damp or Wet Locations: Rigid steel conduit

7. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4, stainless steel in
damp or wet locations.

3

Minimum Raceway Size: [1/2-inch (16-mm)] [3/4-inch (21-mm)] trade size.

Raceway Fittings: Compatible with raceways and suitable for use and location.

1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings, unless otherwise
indicated.
2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with that material.

Patch and seal all joints, nicks, and scrapes in PVC coating after installing conduits and fittings.
Use sealant recommended by fitting manufacturer.
INSTALLATION

Comply with NECA 1 for installation requirements applicable to products specified in Part 2 except
where requirements on Drawings or in this Article are stricter.

Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-water pipes.
Install horizontal raceway runs above water and steam piping.

Complete raceway installation before starting conductor installation.
Support raceways as specified in Division 16 Section "Electrical Supports and Seismic Restraints."
Arrange stub-ups so curved portions of bends are not visible above the finished slab.

Install no more than the equivalent of three 90-degree bends in any conduit run except for
communications conduits, for which fewer bends are allowed.

Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise indicated.

Raceways Embedded in Slabs:

1. Run conduit larger than I-inch (27-mm) trade size, parallel or at right angles to main
reinforcement. Where at right angles to reinforcement, place conduit close to slab support.

2. Arrange raceways to cross building expansion joints at right angles with expansion fittings.

3. Change from ENT to RNC, Type EPC-40-PVC, rigid steel conduit, or IMC before rising above
the floor.

Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed
compound to threads of raceway and fittings before making up joints. Follow compound manufacturer's
written instructions.

Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings to protect
conductors, including conductors smaller than No. 4 AWG.
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Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not less than
200-1b (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end of pull wire.

Raceways for Optical Fiber and Communications Cable: Install raceways, metallic and nonmetallic, rigid
and flexible, as follows:

1. 3/4-Inch (19-mm) Trade Size and Smaller: Install raceways in maximum lengths of 50 feet
(15 m).

2. 1-Inch (25-mm) Trade Size and Larger: Install raceways in maximum lengths of 75 feet (23 m).

3. Install with a maximum of two 90-degree bends or equivalent for each length of raceway unless

Drawings show stricter requirements. Separate lengths with pull or junction boxes or terminations
at distribution frames or cabinets where necessary to comply with these requirements.

Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with listed
sealing compound. For concealed raceways, install each fitting in a flush steel box with a blank cover
plate having a finish similar to that of adjacent plates or surfaces. Install raceway sealing fittings at the

following points:

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
2. Where otherwise required by NFPA 70.

Expansion-Joint Fittings for RNC: Install in each run of aboveground conduit that is located where
environmental temperature change may exceed 30 deg F (17 deg C), and that has straight-run length that

exceeds 25 feet (7.6 m).

1. Install expansion-joint fittings for each of the following locations, and provide type and quantity
of fittings that accommodate temperature change listed for location:

Flexible Conduit Connections: Use maximum of 72 inches (1830 mm) of flexible conduit for recessed
and semirecessed lighting fixtures,equipment subject to vibration, noise transmission, or movement; and

for transformers and motors.

1. Use LFMC in damp or wet locations subject to severe physical damage.
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.

Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block, and
install box flush with surface of wall.

Set metal floor boxes level and flush with finished floor surface.

Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface.

INSTALLATION OF UNDERGROUND CONDUIT

Direct-Buried Conduit:

1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench bottom
as specified in Division 2 Section "Earthwork" for pipe less than 6 inches (150 mm) in nominal
diameter.

2. Install backfill as specified in Division 2 Section "Earthwork."

3. After installing conduit, backfill and compact. Start at tie-in point, and work toward end of

conduit run, leaving conduit at end of run free to move with expansion and contraction as
temperature changes during this process. Firmly hand tamp backfill around conduit to provide
maximum supporting strength. After placing controlled backfill to within 12 inches (300 mm) of
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3.5

F.

G.

finished grade, make final conduit connection at end of run and complete backfilling with normal
compaction as specified in Division 2 Section "Earthwork."

4. Install manufactured duct elbows for stub-ups at poles and equipment and at building entrances
through the floor, unless otherwise indicated. Encase elbows for stub-up ducts throughout the
length of the elbow.

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at
building entrances through the floor.

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling
with 3 inches (75 mm) of concrete.
b. For stub-ups at equipment mounted on outdoor concrete bases, extend steel conduit

horizontally a minimum of 60 inches (1500 mm) from edge of equipment pad or
foundation. Install insulated grounding bushings on terminations at equipment.

6. Warning Planks: Bury warning planks approximately 12 inches (300 mm) above direct-buried
conduits, placing them 24 inches (600 mm) o.c. Align planks along the width and along the
centerline of conduit.

INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES

Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting
conduits to minimize bends and deflections required for proper entrances.

Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch
(12.5-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent undisturbed earth.

Elevation: In paved areas, set so cover surface will be flush with finished grade. Set covers of other
enclosures | inch (25 mm) above finished grade.
SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

Coordinate sleeve selection and application with selection and application of firestopping specified in
Division 7 Section "Through-Penetration Firestop Systems."

Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed openings
are used. Install sleeves during erection of slabs and walls.

Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.

Rectangular Sleeve Minimum Metal Thickness:

1. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no side greater
than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm).

2. For sleeve cross-section rectangle perimeter equal to, or greater than, 50 inches (1270 mm) and 1
or more sides equal to, or greater than, 16 inches (400 mm), thickness shall be 0.138 inch (3.5
mm).

Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies unless
openings compatible with firestop system used are fabricated during construction of floor or wall.

Cut sleeves to length for mounting flush with both surfaces of walls.

Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.
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3.6

3.7

3.8

Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway unless
sleeve seal is to be installed[ or unless seismic criteria require different clearance].

Seal space outside of sleeves with grout for penetrations of concrete and masonry and with approved joint
compound for gypsum board assemblies

Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve and
raceway, using joint sealant appropriate for size, depth, and location of joint. Refer to Division 7 Section
"Joint Sealants" for materials and installation.

Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors
at raceway penetrations. Install sleeves and seal with firestop materials. Comply with Division 7 Section
"Through-Penetration Firestop Systems."

Roof-Penetration Sleeves: Seal penetration of individual raceways with flexible, boot-type flashing units
applied in coordination with roofing work.

Aboveground, Exterior-Wall Penetrations: Seal penetrations using sleeves and mechanical sleeve seals.
Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing
mechanical sleeve seals.

Underground, Exterior-Wall Penetrations: Install cast-iron "wall pipes" for sleeves. Size sleeves to allow
for l-inch (25-mm) annular clear space between raceway and sleeve for installing mechanical sleeve
seals.

SLEEVE-SEAL INSTALLATION

Install to seal underground, exterior wall penetrations.

Use type and number of sealing elements recommended by manufacturer for raceway material and size.
Position raceway in center of sleeve. Assemble mechanical sleeve seals and install in annular space
between raceway and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand
and make watertight seal.

FIRESTOPPING

Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original
fire-resistance rating of assembly. Firestopping materials and installation requirements are specified in
Division 7 Section "Through-Penetration Firestop Systems."

PROTECTION

Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are without
damage or deterioration at time of Substantial Completion.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.
2. Repair damage to PVC or paint finishes with matching touchup coating recommended by
manufacturer.

END OF SECTION 16130
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PART 1 - GENERAL

1.1

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1. Service and distribution switchboards rated 600 V and less.
2. Disconnecting and overcurrent protective devices.
3. Identification.

PERFORMANCE REQUIREMENTS

Seismic Performance: Switchboards shall withstand the effects of earthquake motions determined
according to SEI/ASCE 7

1. The term "withstand" means "the unit will remain in place without separation of any parts from
the device when subjected to the seismic forces specified and the unit will be fully operational
after the seismic event

SUBMITTALS

Product Data: For each type of switchboard, overcurrent protective device, transient voltage suppression
device, ground-fault protector, accessory, and component indicated. Include dimensions and
manufacturers' technical data on features, performance, electrical characteristics, ratings, accessories, and
finishes.

Shop Drawings: For each switchboard and related equipment.

1. Include dimensioned plans, elevations, sections, and details, including required clearances and
service space around equipment. Show tabulations of installed devices, equipment features, and
ratings.

Detail enclosure types for types other than NEMA 250, Type 1.

Detail bus configuration, current, and voltage ratings.

Detail short-circuit current rating of switchboards and overcurrent protective devices.

Include descriptive documentation of optional barriers specified for electrical insulation and
isolation.

Al

6. Detail utility company's metering provisions with indication of approval by utility company.

7 Include evidence of NRTL listing for series rating of installed devices.

8. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective
devices and auxiliary components.

9. Include time-current coordination curves for each type and rating of overcurrent protective device

included in switchboards. Submit on translucent log-log graft paper; include selectable ranges for
each type of overcurrent protective device.

10.  Include schematic and wiring diagrams for power, signal, and control wiring.
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1.5

G.

H.

Qualification Data: For qualified Installer and testing agency

Seismic Qualification Certificates: Submit certification that switchboards, overcurrent protective devices,
accessories, and components will withstand seismic forces defined in Division 16 Section "Vibration and
Seismic Controls for Electrical Systems." Include the following:

1. Basis for Certification: Indicate whether withstand certification is based on actual test of
assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and
describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based and their

installation requirements.

Field Quality-Control Reports:

1. Test procedures used.

2. Test results that comply with requirements.

3. Results of failed tests and corrective action taken to achieve test results that comply with
requirements.

Operation and Maintenance Data: For switchboards and components to include in emergency, operation,
and maintenance manuals. In addition to items specified in Division 1 Section "Operation and
Maintenance Data," include the following:

1. Routine maintenance requirements for switchboards and all installed components.
Manufacturer's written instructions for testing and adjusting overcurrent protective devices.
3. Time-current coordination curves for each type and rating of overcurrent protective device

included in switchboards. Submit on translucent log-log graft paper; include selectable ranges for
each type of overcurrent protective device.
QUALITY ASSURANCE

Installer Qualifications: An employer of workers qualified as defined in NEMA PB 2.1 and trained in
electrical safety as required by NFPA 70E.

Testing Agency Qualifications: Member company of NETA or an NRTL.
1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site testing.

Source Limitations: Obtain switchboards, overcurrent protective devices, components, and accessories
from single source from single manufacturer.

Product Selection for Restricted Space: Drawings indicate maximum dimensions for switchboards
including clearances between switchboards and adjacent surfaces and other items. Comply with indicated

maximum dimensions.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a
qualified testing agency, and marked for intended location and application.

Comply with NEMA PB 2.
Comply with NFPA 70.

Comply with UL 891.

DFCM PROJECT NO. 07199790 2
UVSC CONCRETE STAIRS PROJECTS NOVEMBER 2007 SWITCHBOARDS

16441



1.6

1.7

1.8

1.9

DELIVERY, STORAGE, AND HANDLING
Deliver switchboards in sections or lengths that can be moved past obstructions in delivery path.

Handle and prepare switchboards for installation according to NECA 400

PROJECT CONDITIONS

Installation Pathway: Remove and replace access fencing, doors, lift-out panels, and structures to provide
pathway for moving switchboards into place.

Environmental Limitations:

1. Do not deliver or install switchboards until spaces are enclosed and weathertight, wet work in
spaces is complete and dry, work above switchboards is complete, and temporary HVAC system
is operating and maintaining ambient temperature and humidity conditions at occupancy levels
during the remainder of the construction period.

2. Rate equipment for continuous operation under the following conditions unless otherwise
indicated:

a. Ambient Temperature: Not exceeding 120 deg F
b. Altitude: Not exceeding 6600 feet (2000 m).

Service Conditions: NEMA PB 2, usual service conditions, as follows:

1. Ambient temperatures within limits specified.

2. Altitude not exceeding 6600 feet (2000 m).

COORDINATION

Coordinate layout and installation of switchboards and components with other construction that
penetrates walls or is supported by them, including electrical and other types of equipment, raceways,
piping, encumbrances to workspace clearance requirements, and adjacent surfaces. Maintain required
workspace clearances and required clearances for equipment access doors and panels.

Coordinate sizes and locations of concrete bases with actual equipment provided. Cast anchor-bolt
inserts into bases. Concrete, reinforcement, and formwork requirements are specified in Division 3.
WARRANTY

Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace
transient voltage suppression devices that fail in materials or workmanship within specified warranty

period.

1. Warranty Period: Five years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1

A.

MANUFACTURED UNITS

Manufacturers: Subject to compliance with requirements, provide products by one of the following
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1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.
B. Front-Connected, Front-Accessible Switchboards:
1. Main Devices: Panel mounted.
2. Branch Devices: Panel mounted.
3. Sections front and rear aligned.

C. Nominal System Voltage: 480Y/277 V
D. Main-Bus Continuous: as indicated on the drawing

E. Seismic Requirements: Fabricate and test switchboards according to IEEE 344 to withstand seismic
forces defined in Division 16 Section "Vibration and Seismic Controls for Electrical Systems."

F. Indoor Enclosures: Steel, NEMA 250, Type 1

G. Enclosure Finish for Indoor Units: Factory-applied finish in manufacturer's standard gray finish over a
rust-inhibiting primer on treated metal surface.

H. Outdoor Enclosures: Type 3R

1. Finish:  Factory-applied finish in manufacturer's standard color; undersurfaces treated with
corrosion-resistant undercoating.
2. Enclosure: Downward, rearward sloping for each section, with provisions for padlocking.
L Barriers: Between adjacent switchboard sections.
L. Customer Metering Compartment: (If shown on the drawings) A separate customer metering

compartment and section with front hinged door, for indicated metering, and current transformers for
each meter. Current transformer secondary wiring shall be terminated on shorting-type terminal
blocks. Include potential transformers having primary and secondary fuses with disconnecting means and
secondary wiring terminated on terminal blocks.

K. Removable, Hinged Rear Doors and Compartment Covers: Secured by standard bolts, for access to rear
interior of switchboard.

L. Hinged Front Panels: Allow access to circuit breaker, metering, accessory, and blank compartments.
1. Removable covers shall form top, front, and sides. Top covers at rear shall be easily removable
for drilling and cutting.
2. Bottom shall be insulating, fire-resistive material with separate holes for cable drops into
switchboard.
3. Cable supports shall be arranged to facilitate cabling and adequate to support cables indicated,

including those for future installation.

M. Buses and Connections: Three phase, four wire unless otherwise indicated.
1. Phase- and Neutral-Bus Material: Tin-plated, high-strength, electrical-grade aluminum alloy with
tin-plated aluminum circuit-breaker line connections.
2. Load Terminals: Insulated, rigidly braced, runback bus extensions, of same material as through

buses, equipped with mechanicalconnectors for outgoing circuit conductors. Provide load
terminals for future circuit-breaker positions at full-ampere rating of circuit-breaker position.
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2.2

Ground Bus: Minimum-size required by UL 891, hard-drawn copper of 98 percent conductivity,
equipped with mechanical connectors for feeder and branch-circuit ground conductors. For
busway feeders, extend insulated equipment grounding cable to busway ground connection and
support cable at intervals in vertical run.

Main Phase Buses and Equipment Ground Buses: Uniform capacity for entire length of
switchboard's main and distribution sections. Provide for future extensions from both ends.
Neutral Buses: 100 percent of the ampacity of phase buses unless otherwise indicated, equipped
with mechanical connectors for outgoing circuit neutral cables. Brace bus extensions for busway
feeder neutral bus.

DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

Molded-Case Circuit Breaker (MCCB): Comply with UL 489, with series-connected rating to meet
available fault currents.

1.

Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads, and
instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for circuit-
breaker frame sizes 250 A and larger.

Adjustable Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, field-
adjustable trip setting.

Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-replicable
electronic trip; and the following field-adjustable settings:

a. Instantaneous trip.
b. Long- and short-time time adjustments.
c. Ground-fault pickup level, time delay, and I°t response.

Current-Limiting Circuit Breakers: Frame sizes 400 A and smaller; let-through ratings less than
NEMA FU 1, RK-5.

Integrally Fused Circuit Breakers: Thermal-magnetic trip element with integral limiter-style fuse
listed for use with circuit breaker; trip activation on fuse opening or on opening of fuse
compartment door.

Ground-Fault Equipment Protection (GFEP) Circuit Breakers: Class B ground-fault protection
(30-mA trip).

Molded-Case Circuit-Breaker (MCCB) Features and Accessories:

a. Standard frame sizes, trip ratings, and number of poles.
. Lugs: Mechanical style, suitable for number, size, trip ratings, and conductor material.
c. Application Listing: Appropriate for application; Type SWD for switching fluorescent

lighting loads; Type HID for feeding fluorescent and high-intensity discharge (HID)
lighting circuits.

d. Ground-Fault Protection: Integrally mounted relay and trip unit with adjustable pickup and
time-delay settings, push-to-test feature, and ground-fault indicator.

e. Zone-Selective Interlocking: Integral with electronic trip unit; for interlocking ground-
fault protection function.

f. Communication Capability:  Circuit-breaker-mounted communication module with

functions and features compatible with power monitoring and control system specified in
Division 16 Section "Electrical Power Monitoring and Control."

g. Shunt Trip: 120-V trip coil energized from separate circuit, set to trip at 75 percent of rated
voltage.

h. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without intentional
time delay.

1. Auxiliary Contacts: One SPDT switch with "a" and "b" contacts; "a" contacts mimic

circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts.

J- Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation; key shall be

removable only when circuit breaker is in off position.
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9. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following
a. Boltswitch, Inc.
b. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
c. Pringle Electrical Manufacturing Company, Inc.
d. Siemens Energy & Automation, Inc.
e. Square D; a brand of Schneider Electric.

10.  Main-Contact Interrupting Capability: Minimum of 12 times the switch current rating.
11.  Operating Mechanism: Manual handle operation to close switch; stores energy in mechanism for
opening and closing.

a. Electrical Trip: Operation of lever or push-button trip switch, or trip signal from ground-
fault relay or remote-control device, causes switch to open.
b. Mechanical Trip: Operation of mechanical lever, push button, or other device causes

switch to open.
12.  Auxiliary Switches: Factory installed, single pole, double throw, with leads connected to terminal
block, and including one set more than quantity required for functional performance indicated.

13.  Service-Rated Switches: Labeled for use as service equipment.

B. Fused Switch: NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle.

C. Fuses are specified in Division 16 Section "Fuses."
2.3 IDENTIFICATION
A. Mimic Bus: Entire single-line switchboard bus work, as depicted on factory record drawing, on a

photoengraved nameplate.

1. Nameplate: At least 0.0625-inch- (1.588 mm-) thick laminated plastic (Gravoply), located at eye
level on front cover of the switchboard incoming service section.

B. Service Equipment Label: NRTL labeled for use as service equipment for switchboards with one or more
service disconnecting and overcurrent protective devices.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Receive, inspect, handle, and store switchboards according to NECA 400

B. Examine switchboards before installation. Reject switchboards that are moisture damaged or physically
damaged.
C. Examine elements and surfaces to receive switchboards for compliance with installation tolerances and

other conditions affecting performance of the Work.
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32

33

34

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION
Install switchboards and accessories according to NECA 400

Equipment Mounting: Install switchboards on concrete base, 4-inch (100-mm) nominal thickness.
Comply with requirements for concrete base specified in Division 3 Section Cast-in-Place Concrete

1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, install
dowel rods on 18-inch (450-mm) centers around the full perimeter of concrete base.

2. For supported equipment, install epoxy-coated anchor bolts that extend through concrete base and
anchor into structural concrete floor.

3. Place and secure anchorage devices. Use setting drawings, templates, diagrams, instructions, and
directions furnished with items to be embedded.

4. Install anchor bolts to elevations required for proper attachment to switchboards.

Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and temporary
blocking of moving parts from switchboard units and components.

Comply with mounting and anchoring requirements specified in Division 16 Section "Vibration and
Seismic Controls for Electrical Systems."

Operating Instructions: Frame and mount the printed basic operating instructions for switchboards,
including control and key interlocking sequences and emergency procedures. Fabricate frame of finished
wood or metal and cover instructions with clear acrylic plastic. Mount on front of switchboards.

Install filler plates in unused spaces of panel-mounted sections.

Install overcurrent protective devices, transient voltage suppression devices, and instrumentation.

1. Set field-adjustable switches and circuit-breaker trip ranges.

Comply with NECA 1.

CONNECTIONS

Comply with requirements for terminating feeder bus specified in Division 16 Section "Enclosed Bus
Assemblies." Drawings indicate general arrangement of bus, fittings, and specialties.

Comply with requirements for terminating cable trays specified in Division 16 Section "Cable Trays."
Drawings indicate general arrangement of cable trays, fittings, and specialties.

IDENTIFICATION

Identify field-installed conductors, interconnecting wiring, and components; provide warning signs
complying with requirements for identification specified in Division 16 Section "Electrical

Identification."

Switchboard Nameplates: Label each switchboard compartment with a nameplate complying with
requirements for identification specified in Division 16 Section "Electrical Identification."
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C. Device Nameplates: Label each disconnecting and overcurrent protective device and each meter and
control device mounted in compartment doors with a nameplate complying with requirements for
identification specified in Division 16 Section "Electrical Identification."

3.5 FIELD QUALITY CONTROL
A. Perform tests and inspections.

1. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect
components, assemblies, and equipment installations, including connections, and to assist in
testing.

B. Acceptance Testing Preparation:

1. Test insulation resistance for each switchboard bus, component, connecting supply, feeder, and
control circuit.

2. Test continuity of each circuit.

C. Tests and Inspections:

1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance
Testing Specification. Certify compliance with test parameters.

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance;
otherwise, replace with new units and retest.

3. Perform the following infrared scan tests and inspections and prepare reports:

a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after

Final Acceptance, perform an infrared scan of each switchboard. Remove front panels so
joints and connections are accessible to portable scanner.

b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each
switchboard 11 months after date of Substantial Completion.

c. Instruments and Equipment:
1) Use an infrared scanning device designed to measure temperature or to detect

significant deviations from normal values. Provide calibration record for device.

4. Test and adjust controls, remote monitoring, and safeties. Replace damaged and malfunctioning
controls and equipment.

D. Switchboard will be considered defective if it does not pass tests and inspections.
E. Prepare test and inspection reports, including a certified report that identifies switchboards included and

that describes scanning results. Include notation of deficiencies detected, remedial action taken, and
observations after remedial action.

3.6 ADJUSTING
A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by
manufacturer.
B. Set field-adjustable circuit-breaker trip ranges as indicated.
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3.7 PROTECTION

A. Temporary Heating: Apply temporary heat, to maintain temperature according to manufacturer's written
instructions, until switchboard is ready to be energized and placed into service.

3.8 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain switchboards, overcurrent
protective devices, instrumentation, and accessories

END OF SECTION 16441
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